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that while nobody can predict 
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be certain that the future will 
bring many more threats to 
humsn health. 


As Chair of the Medical 
Research Foundation — the 
charitable arm of the Medical 
Research Council —| have 
seen the incredible impact 
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remember the Foundation 

in their Wills can have on 

the future of our health and 
wellbeing here in the UK. 
These gifts fund research and 
researchers which can have 
far-reaching implications for 
human health. 
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to future human health. 
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to invest in projects like 
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science provides. 
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the generations 
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Professor Fiona Watt, 
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Executive Chair of the Medical 


Research Council 


While we don’t know what 
the future holds for human 
health in the UK, we do 

know that research, and the 
brilliant scientists driving that 
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90% of our voluntary income 
comes from individuals who 
choose to include a gift in 
their Will — they are crucial 

in the Foundation’s ability 

to fund research that will 
enable the next generation of 
scientists to make real world 
discoveries in the future. 
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in your Will to the Medical 
Research Foundation is an 
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Dying of exposure 


We can't afford any more delays in getting to grips with chemical pollution 


IN 1855, Michael Faraday wrote a letter to 
the UK parliament alerting MPs to the 
state of the river Thames, which was used 
both as a sewer and a source of drinking 
water. He had conducted an experiment 
in which he sank pieces of paper to see at 
what point they disappeared from view 
in the turbid water. Barely any depth at all, 
he found, concluding that the river had 
become a cesspool. “If we neglect this 
subject, we cannot expect to do so with 
impunity,” he warned. 

Parliament neglected the matter, and 
was punished. In 1858, the Great Stink 
enveloped London, necessitating vast 
expenditure to quell the stench. The 
curtains in the Houses of Parliament 
were soaked in bleach in a bid to keep the 
miasma out. It failed, and the members 
could no longer ignore the problem. 
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Last week, scientists issued a similar, 
although sterner, warning. Chemical 
pollution is now so pervasive that we 
have smashed through a guard rail called 
a “planetary boundary ” (see page 28). 

It is now arisk to the habitability of Earth. 
Our habit of treating the environment as 
a sewer has come back to haunt us again. 


“We understand that chemical 


pollution is probably bad for us, 
but we don’t really know how” 


But just as in the mid-19th century, 
we don’t fully understand what impact 
the pollution is having on our health. 
Faraday’s contemporaries were aware 
ofa link between filthy water and disease, 
but didn’t know that microorganisms, 
not foul air, were the cause. 


NewScientist 


Chief executive Nina Wright 
Executive assistant Lorraine Lodge 


Finance & operations 
Chief financial officer Amee Dixon 
Financial controller Taryn Skorjenko 
Commercial finance manager Charlotte Thabit 


Human resources 
Human resources director Shirley Spencer 
HR business partner Katy Le Poidevin 


CONTACT US 
newscientist.com/contact 


General & media enquiries 
UK Tel+44 (0)203 615 6500 
Northcliffe House, 2 Derry Street, London, W8 5TT 
Australia 58 Gipps Street, Collingwood, Victoria 3066 
US PO Box 80247, Portland, OR 97280 


UK Newsstand 
Marketforce UK Ltd Tel +44 (0)33 0390 6555 
Syndication 
Tribune Content Agency Tel +44 (0)20 7588 7588 
Email tca-articlesales@tribpub.com 


Subscriptions 
newscientist.com/subscription 
One year print subscription (51 issues) UK £270 
Tel +44 (0)330 333 9470 
Email subscriptions@newscientist.com 
Post New Scientist, Rockwood House, Perrymount Road, 
Haywards Heath, West Sussex RH16 3DH 


© 2022 New Scientist Ltd, England. New Scientist is published 
weekly by New Scientist Ltd. ISSN 0262 4079. New Scientist (Online) 
ISSN 2059 5387. Registered at the Post Office as a newspaper and 
printed in England by Precision Colour Printing Ltd 


C¥recyc le 


We similarly understand that chemical 
pollution is probably bad for us, but we 
don’t really know how. That is the subject 
ofan ambitious new field of science called 
exposomics, which aims to measure 
our exposure to chemical pollutants 
throughout our lives and decipher their 
effects on our health, whether these are 
good, bad or indifferent (see page 44). From 
what we know already, the answer will 
mostly be “bad”. The pollution problem 
is probably even worse than we realise. 

Cleaning up the Thames required a 
vast sewage system, which took years 
and fortunes to build. The scale of the 
waste problem we face today is orders 
of magnitude greater. Our political 
leaders may wish to hold their noses, 
but they, too, will soon find out that 
there is nowhere to hide. 
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Telescope reaches new home 


The James Webb Space Telescope has arrived at a gravitationally 
stable point 1.5 million kilometres from Earth, reports Leah Crane 


ONE month after its launch, the 
James Webb Space Telescope (JWST) 
has arrived at its destination. On 
24 January, the spacecraft fired its 
thrusters for about 5 minutes to 
place it into its final orbit, and now 
it is ready to calibrate its mirrors 
and scientific instruments before 
peering out into the universe. 
The telescope is ata 
gravitationally stable spot called 
a Lagrange point, where all the 
forces on the spacecraft balance 
out to keep it in place, orbiting 
the sun along with Earth. This 
particular Lagrange point, called 
L2, is about 1.5 million kilometres 
away from the planet in the 
direction opposite to the sun. It 
won't stay parked directly at the 


Lagrange point, but will wobble 
back and forth around it in what is 
called a halo orbit, which requires 
a small burn of the thrusters about 
every three weeks but is more 
stable in the long run. 

Aside from the fact that parking 
near a Lagrange point will save 
fuel, L2 is a particularly good spot 
for observing the sky without 
worrying about heat or light from 
the sun, Earth or the moon. JWST 
faces away from all of those objects, 
with its huge sunshield blocking 
out their light to protect the 
telescope’s sensitive observations. 


The telescope requires extreme 
cold to function, which the 
sunshield will also provide. While 
the sun-facing side of the shield 
will be at a temperature of about 
85°C, the other side will be kept at 
about -233°C, nearly as cold as the 
average temperature in deep 
space. Now that JWST has reached 
its parking spot, it will take about a 
week for everything to cool down 
before the telescope’s engineers 
can begin the final necessary steps 
ahead of the first observations. 


Those final steps have two parts. 


First, the 18 hexagonal segments 


Launchpad newsletter 


newscientist.com/launchpad/ 


Buzzing device helps 
people who are blind 
navigate 


Artist's illustration 
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Space Telescope 


that make up the telescope’s 
primary mirror have to be aligned 
with incredible precision —- they 
have to line up to within one five- 
thousandth the width ofa human 
hair, said JWST team member Lee 
Feinberg at NASA's Goddard Space 
Flight Center in Maryland ina 


24 January press conference. That 
process is expected to take about 
three months, followed by a 
month of calibrating the scientific 
instruments before the first 
detailed images can be taken. 

“Everything we’re doing is 
about getting the observatory 
ready to do transformative 
science,’ said JWST scientist Jane 
Rigby, also at NASA Goddard, in 
the press conference. “We’rea 
month in, and the baby hasn’t 
even opened its eyes yet.” Ifall 
goes well, the science mission 
will begin around the end of June. 

The first year of science is 
already mapped out, with more 
than 300 observing programmes 
planned, said Rigby. Many ofthem 
will be dedicated to examining 
exoplanets, peering into their 
atmospheres to learn more 
about their composition and 
potential habitability. 

Others will look for the most 
distant galaxies in the observable 
universe, studying how they 
formed and evolved over time. 
Some observing programmes 
will seek to understand dark 
matter and dark energy in an 
attempt to unravel the greatest 
mysteries of the cosmos. 

As every part of the launch and 
the trip to L2 has gone so smoothly, 
JWST has enough fuel to keep 
observing for more than 10 years. 
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News 


Coronavirus 


Western Australia delays reopening 


The state has kept a tight lid on covid-19, but experts say there is little use holding out longer 


Alice Klein 


WESTERN AUSTRALIA, which has 
mostly dodged the coronavirus 
by sealing itself offfrom the rest 
of the world, has scrapped its 
plan to reopen next month based 
on concerns about the omicron 
variant. But researchers say there 
may be little point in waiting 
longer before letting the virus in. 

The state, which has a 
population of 2.7 million, has 
recorded just 1300 covid-19 
cases and nine deaths to date. 
It has achieved this by heavily 
restricting travel from the rest 
of Australia and other countries. 

In December 2021, the state’s 
premier, Mark McGowan, 
announced that Western Australia 
would restore travel freedoms on 
5 February, when 90 per cent of 
its population aged 12 and over 
was expected to be double- 
vaccinated. But on 20 January, 
McGowan cancelled the 
reopening, citing fears ofan 
omicron surge. “Omicron isa 
whole new ball game,” he said 
at a press conference. 

McGowan didn’t set anew 
reopening date, but said the aim 
was to get 80 to 90 per cent of 
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Women wearing 
face coverings in 
Perth, Australia 


people boosted with a third 
dose of vaccine. The state 
currently has a third dose 
vaccination rate of 25 per cent 
for people aged 16 and older. 
Allison Imrie at the University 
of Western Australia in Perth says 
itis unclear ifthis would put the 
state in a better position, since by 
the time everyone has received 
their booster shots, people who 
received them early on will 


already have waning immunity. 
“There’s never going to be 

a situation where everyone 

is synced to the same level of 

immunity so you can say, ‘OK, now 


ym” 


we can let the virus in’” she says. 
The two main benefits of 
waiting longer are having time 
to vaccinate 5 to 12-year-olds, who 
have only recently become eligible 
for the vaccine, and being able to 
import more rapid antigen tests, 
which are currently in short 
supply, says Imrie. 
But inthe meantime, 
businesses are suffering and 


people in Western Australia 
are getting fed up with being 
cut off from their friends 
and family in other parts 
of Australia and overseas, 
she says. “It’s very difficult.” 

Tony Blakely at the University 
of Melbourne says he doesn’t 
think Western Australia has much 
to gain by shutting itself offfor 
longer. “For places like Western 
Australia, China, New Zealand 
and Taiwan that are still playing 
the elimination game, there is 
a glimmer of hope that they can 
perhaps keep omicron out until 
new vaccines come along that 
are better at stopping omicron, 
but I think the chance of that is 
remote,” he says. 

Western Australia already 
has a small omicron outbreak 
that began in early January and 
has grown to 115 active cases, 
prompting the reintroduction 
of compulsory mask wearing. “If 
they lose control of this omicron 
outbreak, they may as well open 
the borders because once you have 
lots of cases a day, people coming 
over the border will make no 
difference,” says Blakely. I 


Climate change 


UK still won't say 
how much CO, its 
strategy will cut 


THE UK government has for a 
third time declined to release the 
expected emissions savings for 
measures in its landmark plan to 
meet the UK's carbon targets, in 
a decision that critics have called 
deeply unhelpful and concerning. 
When the Net Zero Strategy 
was published last October, officials 
said its policies on everything from 
electric cars to nuclear power were 
collectively enough to put the UK 
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back on track for its legally binding 
carbon targets in coming years. 
But the savings from individual 
policies weren't released, making 
it impossible to scrutinise the 
claims and drawing criticism 

over a lack of transparency. 

The Department for Business, 
Energy & Industrial Strategy (BEIS) 
refused a New Scientist freedom 
of information request for a 
spreadsheet of the savings 
in December. Weeks later, it 
rejected an appeal on the grounds 
that releasing the information 
risked “damaging the internal 
decision-making process”. 


Now, BEIS has declined to publish 
its figures for a third time, after 
Labour MP Darren Jones called 
on the department to reconsider 
withholding the document. 

In response, energy minister 
Greg Hands said the figures 
will be published in emissions 
projections in “due course”, 
without giving any date. 

“The government's refusal to set 
out how much individual policies of 


“The lack of transparency 


does little to advance 
public understanding 
and is deeply unhelpful” 


their flagship Net Zero Strategy will 
reduce emissions is concerning,” 
says Jones, who is chair of the BEIS 
select committee. “The lack of 
transparency does little to advance 
public understanding and is deeply 
unhelpful when it is vital we engage 
the public to help ensure a fair 
and just transition to net zero.” 
BEIS didn’t comment 
specifically on withholding the 
data on emissions savings, but a 
spokesperson says: “The Net Zero 
Strategy sets out specific, detailed 
measures we will take to transition 
to alow carbon economy.” I 
Adam Vaughan 


Technology 


Meta builds huge 
supercomputer 
tailored for Al 


Matthew Sparkes 


FACEBOOK’S parent company, 
Meta, is building the world’s most 
powerful Al-specific supercomputer 
to develop improved speech- 
recognition tools, automatically 
translate between different 
languages and help create its 

3D virtual metaverse. 

Although far from complete, 
the Al Research SuperCluster (RSC) 
is up and running and has already 
overtaken Meta’s previous fastest 
supercomputer. That machine 
was designed in 2017 and ran 
on 22,000 powerful graphics 
processing units (GPUs), which, 
despite being designed for 
playing games, are highly 
effective tools to train Al 
models with. 

At the moment, RSC has only 
6080 GPUs, but they are more 
powerful than those in the older 
machine and it is already three 
times faster at training large Al 
models than its predecessor. 

When RSC is completed in 
mid-2022, it will consist of 
16,000 GPUs and be almost 
three times more powerful than it 
is now. Meta says that, at this point, 
it will be the fastest Al-optimised 
supercomputer in the world, 
performing at nearly 5 exaflops. 

The cutting edge of Al research 
has relied on scale in recent years, 
and ever more powerful machines 
to train models with. 

James Knight at the University 
of Sussex, UK, says the proposed 
computer is “huge”, but that 
may not help it to overcome 
some notable challenges that 
have dogged Al research. 

“A system this large is definitely 
going to let them build larger 
models,” he says. “However, | don't 
think that merely increasing the size 
of language models will address 
the well-documented problems 
of existing models repeating sexist 
and racist language or failing basic 
tests of logical reasoning.” I 


Medicine 


Pig kidneys transplanted 
into a brain-dead person 


Michael Le Page 


TWO pig kidneys genetically 
engineered to prevent rejection 
by the immune system have 
been transplanted into aman 
who was brain dead as a first 
step towards treating patients. 
The kidneys weren't rejected 
during the 77 hours that the 
experiment, carried out in 
the US, lasted. 

“This game-changing 
moment [is] a major 
milestone in the field of 
xenotransplantation, which is 
arguably the best solution to the 


100,000 


people are waiting for a kidney 
transplant in the US 


organ shortage crisis,” surgeon 
Jayme Locke at the University 
of Alabama at Birmingham 
said in a statement. The aim 

of the study is to pave the way 
fora clinical trial, which Locke 
hopes will start later this year. 

The experiment took place 
on 30 September, but the 
details were revealed in a paper 
published last week (American 
Journal of Transplantation, 
doi.org/hdpw). The kidneys 
came from the same line of 
genetically modified pigs that 
provided the heart transplanted 
into David Bennett on 7 January 
in a world first. While Bennett 
got the pig heart because there 
were no other options for him, 
the kidney transplant was done 
as an initial safety test only. 

The recipient, Jim Parsons, 
was injured during a motorcycle 
race. He was a registered organ 
donor, but none of his organs 
was suitable for transplantation. 
His family gave permission 
for his body to be kept alive 
ona ventilator so the study 
could be done. His own kidneys 
were removed and replaced 


JEFF MYERS, UAB 


with the genetically engineered 
pig kidneys. 

“As a family, we had no doubt 
that this is what Jim would 
have wanted,” his ex-wife Julie 
O’Hara told a press briefing, 
standing alongside other 
family members. 

Locke told the briefing 
that, while the idea of testing 
therapies in brain-dead people 
has been proposed before, her 
team is the first to do it. The 
Parsons model, as her team 
has decided to call it, could be 
valuable where animal testing 
isn’t sufficient, she said. 

Pig organs cannot normally 
be transplanted into people 
because they are rejected by 
the human immune system, 
even ifthe recipient is given 
immunosuppressant drugs. 

In the pigs created by US firm 
Revivicor, four genes have been 
switched off, including some 
that code for proteins that 
provoke an immune response 
in humans. The pigs also have 
six added human genes. 

This work was made possible 
by the development of the 
CRISPR gene-editing technique, 


Surgeons getting 
ready to implant 
the pig kidneys 


said Locke. “With that, the 
field of xenotransplantation 
has exploded,” she said. 

The pig kidneys weren't 
rejected during the 77-hour 
experiment. “Within 23 minutes, 
it began to make urine,” said 
Locke, referring to the first of the 
two pig kidneys transplanted. 
“It’s aremarkable achievement. 
We had a beautiful pink kidney, 
not one that turned black from 
hyperacute rejection.” 

However, while the kidneys 
produced urine, they didn’t 
remove a substance called 
creatinine from the blood, 

a key measure of normal 
kidney function. The team 
isn’t sure why this was the 
case, but it could be related 
to Parsons’s condition. 

One potential issue is that 
pigs have a lower blood pressure 
than people, meaning the blood 
vessels in pig kidneys might be 
damaged by the higher blood 
pressure after transplantation. 
But the team saw no indication 
of any problems. 

Another concern is that 
virus genes lurking in the 
genomes of pigs might be able 
to infect people, but the team 
found no sign of this. However, 
at least one other company 
working on creating pigs 
suitable for transplants is 
deleting all the viral genes to 
ensure this cannot happen. 

Locke told the briefing 
that although kidney 
transplantation is the cure for 
chronic kidney disease, most 
people die before they can 
receive a donor kidney. There 
are around 100,000 people 
on the waiting list for kidney 
transplants in the US, but fewer 
than 25,000 such operations are 
done each year. “The need still 
far exceeds supply,” she said. 
“We needa radical solution.” 
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News 


Cosmology 


Clashing figures for universe’s growth 
are starting to look more serious 


Leah Crane 


THE expansion of the universe 
is accelerating, but we don’t 
know how quickly. With new 
observations, this issue has only 
become more severe, and now 
some astronomers are saying that 
it is officially a real problem —not 
one caused by uncertainties in 
the measurements. 

There are two main ways we 
measure the Hubble constant, 
which describes the expansion 
of the universe. The first is to 
examine the cosmic microwave 
background —a relic of the first 
light to shine through the universe 
after the big bang — and use our 
standard model of cosmology 
to calculate from that what the 
expansion rate should be like 
today. This puts the acceleration 
rate at about 67 kilometres 
per second per megaparsec. 

The other method, called the 
local method or the distance 
ladder, involves measuring the 
distances to stars called cepheids 
and then using those distances 
to extrapolate to supernovae in 
other galaxies. These distances 
allow us to calculate the Hubble 
constant, which the latest 


measurements from Adam Riess 
at Johns Hopkins University in 
Maryland and his colleagues 
have put at about 73 kilometres 
per second per megaparsec. 

For decades, it has been 
plausible that these two methods 
would eventually converge on 
a single true value of the Hubble 
constant. Now, Riess and his 
team say that is extraordinarily 
unlikely — which would mean 


Hubble Space Telescope 
galaxy images helped 
reveal the cosmic tension 


that something is wrong with our 
standard model of the universe. 
Even after analysing the data in 
many different ways and including 
results from other teams, “it’s 
really hard for us to get below 
about 72.5 or above about 73.5”, 
says Riess. The disagreement 
between the two calculations 
is known as the Hubble tension. 
By his team’s calculations, the 
two methods of measurement 


disagree with one another at 

a statistical level referred to as 
“5 sigma’, generally considered 
a gold standard in physics 


for demonstrating that 
measurements are a true 
discovery and not astatistical 
fluke. This means there is only 
about a1in 3.5 million chance 
that the Hubble tension is just a 
fluke (arxiv.org/abs/2112.04510). 

However, other astronomers 
have pointed out that evena 
5-sigma discrepancy doesn’t 
rule out the possibility of errors 
or systematic uncertainty in our 
measurements of stars. “It doesn’t 
matter how many sigma away 
you are, it’s whether you have 
determined all of the potential 
errors out there that had led to 
that place,” says Barry Madore 
at the Carnegie Institution 
for Science in California. 

While the measurements may 
point towards the Hubble tension 
being a real problem, we cannot 
know for certain until it is 
confirmed by several methods 
of measurement, says Madore. 
Thankfully, the newly launched 
James Webb Space Telescope 
should be able to help with that, 
and researchers are also working 
on other methods, such as using 
gravitational waves. Il 


Neuroscience 


Cash for low-income 
families improves 
babies’ brain activity 


GIVING low-income families in the 
US more money changes a child's 
brain activity. 

Kimberly Noble at Columbia 
University in New York and her 
team are studying how exactly 
child poverty causes reduced grey 
matter volume in the hippocampus 
and frontal cortex, which are 
associated with the development 
of thinking and learning. These 
changes have been seen throughout 
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childhood and adolescence. 

They are tracking development 
in the brains of 1000 babies from 
low-income families in four US 
metropolitan areas: New York City, 
greater New Orleans, Minneapolis- 
Saint Paul and Omaha. Each family 
had an average annual income of 
just over $20,000. 

The team gave half the babies’ 
mothers a monthly stipend of $333 
and the other half $20 a month. 
The first payment was received 
soon after their baby’s birth. “They 
can spend the money however they 
want - no strings attached,” says 
Noble. She says they chose to give 


$333 amonth because that adds 
up to about $4000 a year, which 
studies suggest is an increase in 
wealth that has been linked with 
improvements in a child’s school 
performance later in life. 

By July 2020, the babies had 
reached their first birthday. Just 
before or soon after turning 1, 
435 of the children had their brain 
activity recorded using EEG - about 
4O per cent were in families 


“We're showing for the 
first time that poverty 
reduction has a causal 
impact on brain activity” 


receiving $333 a month and 60 per 
cent were in families given $20 
a month. The team couldn't take 
recordings from all 1000 due 
to complications caused by the 
covid-19 pandemic. 
The researchers found that, 
on average, children from families 
that received $333 a month had 
more brain activity in higher 
frequencies than those in the 
$20 group (PNAS, doi.org/hdqj). 
“We're showing for the first 
time that poverty reduction has 
a causal impact on brain activity,” 
says Noble. ff 
Jason Arunn Murugesu 
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Introducing ATEM Mini Pro 


The compact television studio that lets you 
create presentation videos and live streams! 


Blackmagic Design is a leader in video for the television industry, 
and now you can create your own streaming videos with ATEM Mini. 
Simply connect HDMI cameras, computers or even microphones. 
Then push the buttons on the panel to switch video sources just like a 
professional broadcaster! You can even add titles, picture in picture 
overlays and mix audio! Then live stream to Zoom, Skype or YouTube! 


Create Training and Educational Videos 

ATEM Mini’s includes everything you need. All the buttons are positioned on 
the front panel so it's very easy to learn. There are 4 HDMI video inputs for 
connecting cameras and computers, plus a USB output that looks like a webcam 
so you can connect to Zoom or Skype. ATEM Software Control for Mac and PC 
is also included, which allows access to more advanced “broadcast” features! 


Use Professional Video Effects 

ATEM Mini is really a professional broadcast switcher used by television stations. 
This means it has professional effects such as a DVE for picture in picture effects 
commonly used for commentating over a computer slide show, There are titles 
for presenter names, wipe effects for transitioning between sources and a 
green screen keyer for replacing backgrounds with graphics. 


= Learn more at www.blackmagicdesign.com 


Live Stream Training and Conferences 

The ATEM Mini Pro model has a built in hardware streaming engine for live 
streaming via its ethernet connection. This means you can live stream to YouTube, 
Facebook and Teams in much better quality and with perfectly smooth motion. 
You can even connect a hard disk or flash storage to the USB connection and 
record your stream for upload later! 


Monitor all Video Inputs! 

With so many cameras, computers and effects, things can get busy fast! The 
ATEM Mini Pro mode! features a "multiview” that lets you see all cameras, titles 
and program, plus streaming and recording status all on a single TV or monitor. 
There are even tally indicators to show when a camera is on air! Only ATEM Mini 
is a true professional television studio in a small compact design! 


ATEM Mini... US$295 
ATEM Mini Pro... US$495 
ATEM Mini Pro ISO...US$795 
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News 


Marine biology 


Pristine coral reef found 


Spectacular coral reef discovered deep beneath the sea off Tahiti 


Chen Ly 


THIS rose-shaped coral has been 
found off the coast of Tahiti in the 
Pacific Ocean, at depths of between 
35 and 70 metres. It forms part 
of a reef that stretches for more 
than 3 kilometres and measures 
70 metres across at its widest. 

Laetitia Hedouin at France's 
National Centre for Scientific 
Research and her colleagues carried 
out a diving expedition off the 
peninsula of Tahiti, where they 
discovered the reef. It may be 
one of the largest at such depths. 

“It looks like a giant rose 
garden going as far as the eye 
can see,” says Julian Barbiére at 
UNESCO's Intergovernmental 
Oceanographic Commission. 

One of the most remarkable 
things about this reef is its 
pristine condition. “It's a very 
healthy reef, like a dream come 
true,” says Hédouin. “In the 
middle of the biodiversity crisis, 
this is very good news.” I 


Climate change 


ALEXIS ROSENFELD 
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New Scientist Video 


See video footage of the Tahiti reefand much more online 
youtube.com/newscientist 


anes, 


Earth’s hot streak continued in 2021 


THE past seven years were the 
warmest on record as climate 
change continued apace, despite 
the cooling effect of the La Nina 
weather pattern in 2021, the 
United Nations has found. 

The UN’s World Meteorological 
Organization (WMO) analysed the 
six main global temperature data 
sets, which revealed that last year 
was the seventh hottest to date, at 
1.11°C above pre-industrial levels. 
The findings will be published in 
April in the WMO’s final report 
on the State of the Climate in 2021. 

“The continued onslaught 
of record years, including the 
seven warmest having occurred 
since 2015, is precisely what we 
expect to see due to human- 
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caused planetary warming,” says 
Michael Mann at Pennsylvania 
State University. 

Governments at the COP26 
climate summit in November 
reaffirmed their commitment to 
trying to hold temperature rises 
to1.5°C and well below 2°C at 
worst. But emissions reductions 
pledges currently have the world 
on course for 2.4°C or more. 

2021 is the seventh year in a row 
where temperatures have been 
more than1°C above pre-industrial 
levels. While it was only the 
seventh warmest year on average 
globally, 2021 saw climate 
scientists shocked by several 
temperature records broken by 
much larger margins than usual 


in some places, suchas Lytton, 
Canada, which reached a record 
temperature of 49.6°C. Previous 
research showed this event would 
have been “virtually impossible” 
without climate change. 


1.11°C 


Degrees above pre-industrial 
temperatures in 2021 


“Climate change impacts and 
weather-related hazards had life- 


changing and devastating impacts 


on communities on every single 

continent,” said Petteri Taalas 

at the WMO ina statement. 
Although last year didn’t seta 


record for surface air temperatures, 


2021 was another record-breaking 
year for heat content in the upper 
levels of the oceans, which are 
absorbing much ofthe carbon 
dioxide emitted by humans and 
the heat that this gas traps. 

The cooling effect of the La Nina 
weather phenomenon - which 
brings changes in surface ocean 
temperatures that affect climate 
patterns — is expected to give way 
later this year to its opposite, 

El Nino, which was responsible 
for 2016 being the hottest year 
on record. The UK Met Office, 
which holds one of the six data 
sets examined by the WMO, 
forecasts that 2022 will be 1.09°C 
above pre-industrial levels. I 
Adam Vaughan 
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News 


Geology 


Hunting the Anthropocene’s dawn 


If we are in anew geological epoch, we need to find a site that offers the best view 


of the moment it began — and the search is almost over, finds Adam Vaughan 


A LONG-RUNNING effort to 
declare that the global impact 

of humans is enough to establish 
anew geological epoch will 

come to ahead this year, when 

a decision is made on the best site 
to officially mark the beginning 
of the Anthropocene. 

The past 11,650 or so years form 
a geological unit of time known 
as the Holocene, considered a 
climatically benign epoch in the 
planet’s history that allowed 
human civilisation to flourish. 

But some scientists think 
there is now sufficient evidence 
to suggest that we have left the 
Holocene. They argue that the 
environmental presence of 
radionuclides from nuclear 
weapons, ash from coal-burning, 
plastics in sediments and other 
phenomena is enough to clear 
the bar for designating that we 
are ina new human-dominated 
epoch, which started in the 1950s. 

In December, a group will 
announce a specific site 
somewhere on Earth that it thinks 
offers the clearest evidence of the 
dawn ofthe Anthropocene. This 
site will then be put forward for 
official consideration as the 
“golden spike” marking the 
epoch’s start, formally known 
as a Global Boundary Stratotype 
Section and Point (GSSP). 

GSSPs are being established 
for every boundary between 
named geological time periods. 
Each provides one or more clear 
signals ofa significant and lasting 
change to Earth’s biosphere: 
the extinction or appearance 
of a key species, for instance, or 
a significant chemical signature. 
As an example, a cliff face near 
the town of El Kef in Tunisia is the 
GSSP for the end of the Cretaceous, 
66 million years ago, because 
it preserves a particularly clear 
iridium signature from an asteroid 
that triggered a major extinction. 
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Radioactive fallout, 
plastic and fish scales 
in Crawford Lake in 
Canada show human 
impacts on the planet 


Radiation from 
nuclear tests, here in 
1952 onthe Marshall 
Islands, has changed 
Earth's chemistry 


“T suspect that there will be 
several sites that will be very 
strong candidates,” says Jan 
Zalasiewicz at the University 
of Leicester, UK. 

Which one wins will 
depend partly on what a team 
of 34 researchers on the 
Anthropocene Working Group 
(AWG) - established by a 
subcomission of the International 
Commission on Stratigraphy 
(ICS)— decides should be the 
primary marker, or the main 
signal ofhumanity’s fingerprint 
worldwide. The choice is due in 
the second half of this year. 

There is a strong move towards 
making this indicator plutonium 
from nuclear weapons testing. 
This is because it has such a clear 
absence and then appearance, says 
geologist Colin Waters, secretary 
of the AWG. But choosing a 
marker will involve weighing the 
clarity of the signal versus how 
much it has affected the world. 

“The bomb spike from 
radionuclides is very pristine, 
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avery clear signal,” says Waters, 
but it doesn’t change the planet, 
whereas burning fossil fuels does 
because of climate change. Ice 
cores are another candidate 
because they contain a methane 
record that shows the advent of 
widespread fossil fuel use and 
large changes to the biosphere. 
There are 12 sites in the race to 
be declared the golden spike (see 
map, right). They include the mud 
in a Japanese bay, which records a 
signature of atomic bomb testing 


12 


sites are in the running to mark 
the dawn of the Anthropocene 


and also contains fish scales 
showing the intensification of 
human fishing practices. Mud in 
Crawford Lake in Canada, coral on 
the Great Barrier Reef and mineral 
deposits in an Italian cave all 
preserve evidence of atomic bomb 
testing. Crawford Lake also holds 
microplastics and fish scales. 


Teams of researchers, funded 
by German cultural institute Haus 
der Kulturen der Welt (House of 
World Cultures), are racing to 
assemble their stratigraphic 
data for an exhibition at the 
institute in Berlin this May. 

The findings will then be 
published in journals and a 
database later this year so the 
AWG can pore over them. A 
smaller circle of the group, 
comprising 22 members, will then 
vote in November on which site to 
put forward as the best candidate 
for the dawn of the Anthropocene. 
The point when the primary 
marker first appears at that site 
will be the GSSP. 

So far, the 1950s have been 
proposed as the rough start of 
the Anthropocene. But the site 
and marker together should give a 
specific year, a remarkable level of 
precision in geology, where error 
bars for units of time can bein the 
thousands or even millions of 
years. It may be even more precise. 
“It’s feasible with things like the 
corals we could tell you a specific 
season, and in some cases it may 
even be possible to link back to 
a specific [nuclear] detonation 
event and date,” says Waters. 
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San Francisco 
Bay 


Major milestone 


Deciding on a candidate site and 
primary marker this year would 
bea major milestone for 
proponents of the idea of the 
Anthropocene. But it doesn’t 
mean a new epoch is guaranteed 
to be officially declared. The 
choice of GSSP will first be voted 
on next year by asubcommission 
of the ICS, the arbiter of the 
geological timescale. The ICS itself 
would then need to approve the 
existence of the Anthropocene, 
which could happen in 2024. 

But it isn’t guaranteed to do so. 
Some people disagree with the 
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Where did the Anthropocene begin? 
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idea of adding the Anthropocene 
to the geological timescale, and 
establishing a specific time and 
place it began, arguing that it 
would be better considered an 
ongoing event that emerged 
gradually over time. “Almost 
nobody questions that we are 
in the Anthropocene. Is there 
a utility to defining a precise 
time when this begins? I think 
no,’ says Erle Ellis at the 
University of Maryland. 

Mark Maslin at University 
College London says that while 
a date around 1950 fits with the 


"The official declaration of 
the Anthropocene could 
be a catalyst for people 
making positive changes” 


idea of a great acceleration in 
human activity around then, 
“it misses out major processes 
and impacts that occurred 
before 1950”. 

That is unlikely to deter the 
researchers who hope the ICS will 
designate the Anthropocene on 
the basis of the GSSP they pick this 
year. But will it happen? “I think 
the odds are low,’ says Ellis, 
although even he concedes it is 
plausible the ICS could approve it. 

Maslin says it would be 
significant: “Tt will be a formal 
scientific statement that humans 
have altered the world so much 
that we have entered anew 
human- dominated period.” 

Simon Turner at University 
College London says that while 
it is easy to be pessimistic about 
the Anthropocene, its official 
declaration could be a catalyst 
for people making positive 
environmental changes. 

“People understand we are 
a geological agent,” he says. 

“You always hope people will 
suddenly realise this is the 
only planet we have.” I 
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News 


Technology 


Al turns text descriptions into 
images by getting destructive 


Matthew Sparkes 


EARLY last year, artificial 
intelligence company OpenAl 
unveiled software with the 
surprising ability to create 
accurate images from text 
captions — even obscure 
inventions such as “an armchair 
in the shape of an avocado”. The 
company has now released a 
new, sleeker version that can 
produce even better results. 

Last year’s program — called 
DALL-E-was a large AI model 
that had been trained on a huge 
set of images with associated 
captions. In recent years, most 
progress in AI has come from 
this sort of approach; training 
with ever more data on ever 
larger computers. 

However, this makes 
the Als expensive, unwieldy 
and hungry for resources. 
Hossein Malekmohamadi 
at De Montfort University in 
Leicester, UK, says this approach 
has been akin to “burning cash 
for research” in recent years. 

The new GLIDE model is 
much less resource-hungry, 
partly because it uses an 
alternative approach that has 
come of age in the past year or 
so, called a diffusion model. The 
network is still trained using 
images, but it handles them 
differently. It gradually and 
deliberately destroys them 
by adding noise. 

A pristine image has a layer 
of noise added that degrades it 
slightly, and then more noise 
is added and so on, until the 
image is pure chaos. The Al, 
known asa neural network, 
watches this process and 
consequently learns how to 
reverse it. It can then begin 
with an input that is nothing 
but noise and efficiently work 
towards a photorealistic image — 
effectively un-destroying a new 
image into existence. 


16 | New Scientist | 29 January 2022 


OPENAI 


When applied to a situation in 
which an AI creates images from 
text descriptions, this approach 
is far more efficient in terms 


of computer power than the 
approach used in DALL-E. 
What’s more, the results are 
of higher quality. In atest ofthe 
software’s performance, human 
judges preferred GLIDE’s images 
over those from DALL-E 87 per 
cent of the time in terms of 
photorealism, and 69 per cent 
of the time based on how well 
they matched the text input 
(arxiv.org/abs/2112.10741). 


"GLIDE is anew 


Al that effectively 
un-destroys a new 
image into existence” 


Although each GLIDE image 
still takes 15 seconds to create 
on an A100 graphics processing 
unit (GPU) that costs upwards 
of £10,000, the work represents 
an important step forward, says 
Malekmohamadi. “I’m glad to 
see that this kind of research 
direction is leading toward a 
smaller model that could be 
trained on less powerful 
GPUs,” he says. 

The method of destroying 
data to train the AI may seem 


Pictures created by 
the GLIDE software 
from descriptive text 


counter-intuitive. “You take an 
image that’s pristine and clear 
and you take it all the way 
down to the point where it’s 
completely unrecognisable; 
[the Al] is in fact learning the 
opposite, which is taking 
something that’s completely 
unrecognisable and ‘restoring’ 
it back to pristine condition,” 
says Mark Ried] at the Georgia 
Institute of Technology in 
Atlanta. He believes that Aland 
diffusion models such as GLIDE 
will have a big impact on photo 
editing. “Photoshop will 
become neural,” he says. 

The OpenAI researchers, who 
weren't available for interview, 
say in their paper that GLIDE can 
find it hard to produce realistic 
images for complex prompts. To 
try to solve this, they added the 
ability to edit the initial images. 
Users can ask GLIDE to create 
“a cosy living room” and then 
select a region of the resultant 
picture and ask for more details, 
such as “a painting ofa corgion 
the wall”. Ried] believes that this 
sort of process will one day be 
seen in commercial software. I 


Psychology 


Babies see saliva 
sharing as asign 
of close bonds 


Alice Klein 


BABIES and toddlers can identify 
people who are intimately 
related based on whether they 
exchange saliva, which may 
help them to understand the 
social world around them. 
Young children and their 
caregivers often share saliva, 
for example, if they kiss on the 
lips or eat off the same spoon. 
As aresult, children may learn that 
Saliva sharing is a sign of close 
relationships. To test this idea, 
Ashley Thomas at Harvard 
University and her colleagues 
showed children videos of puppets 
and actors in different scenarios. 
In one experiment, 20 babies 
aged between 8.5 and 10 months 
and 26 toddlers aged 16.5 to 
18.5 months watched a puppet 
eating from the same orange 
slice as a female actor - implying 
saliva sharing - and playing ball 
with another actor. When the 
puppet later began to cry, the babies 
and toddlers tended to look first 
and for longer at the saliva-sharing 
actor, as if they assumed she was 
more likely to provide comfort. 
The experiment produced the same 
results when it was repeated with 
118 US toddlers aged 14.5 to 19 
months from diverse backgrounds. 
In another experiment, 
toddlers seemed to show similar 
expectations after seeing an actor 
put her finger in her mouth and 
then in the mouth of a puppet 
(Science, doi.org/hdfb). Together, 
these results suggest that young 
children may use such cues 
to identify relationships that 
involve moral obligations of 
care, such as between close 
family members, says Thomas. 
The findings “provide insight into 
how young children make sense 
of the complex social structures 
around them”, writes Christine 
Fawcett at Uppsala University in 
Sweden in a commentary piece 
accompanying the study. Bf 
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Nornickel, the world’s largest producer of palladium and high-grade 
nickel and a major producer of platinum and copper, announces the 

start of the Palladium Challenge, a contest with a USD 350,000 prize 
fund organised in partnership with the International Precious Metals 

Institute (IPMI). 


The Palladium Challenge is an initiative intended to inspire individuals, 
businesses and academic institutions to invent and design a sustain- 
able use-case that features and increases the demand for palladium. 
The metal is known for its catalytic capabilities and unique physical 
properties, and while it is widely used in the automotive industry as an 
essential component of catalytic conversion, the Palladium Challenge 
seeks to broaden its applications and spark innovation. 


The Palladium Challenge will be judged by an independent panel of 
global experts who will review all submissions. 


The top three projects wil! receive global recognition and will be 
awarded monetary prizes on September 16, 2022 at the IPMI Annual 
Platinum Dinner in New York City. 


News 


Coronavirus 


What covid-19 does to the brain 


The latest evidence suggests neurological symptoms of long covid, such as brain fog, 
are caused by an immune reaction — and should be reversible, reports Jessica Hamzelou 


OVER the past two years, we have 
learned that covid-19 can have 
profound consequences for the 
brain —in the short and long term. 

Now, researchers are starting 
to get a clearer picture of how the 
coronavirus may cause symptoms 
that include brain fog, depression, 
confusion and even stroke. The 
latest insights suggest that the 
virus seldom infects brain cells 
directly, but instead causes harm 
through blood clots or by spurring 
a destructive immune response. 
Encouragingly, many of the effects 
caused by harmful immune 
changes are likely to be reversible. 

It is estimated that, in the early 
stages of infection, roughly 1in 4 
people experience depression. 
Longer term, the neurological and 
mental health toll may be even 
higher. An analysis of medical 
records from some 230,000 
people based mainly in the US 
who recovered from covid-19 
found that a third went on to be 
diagnosed with a neurological or 
psychiatric condition within six 
months. Ina survey of nearly 
1000 people in the US with long- 
term symptoms, 47 per cent 
reported brain fog, difficulty 
concentrating or forgetfulness. 

It isn’t uncommon for the 
brain to be affected after a viral 
infection; this has been seen with 
Zika, polio, measles and flu. But 
rates of lingering neurological or 
mental health problems appear 
to be higher after covid-19 than 
after many other viral infections. 

Some neuroscientists have 
hypothesised that the coronavirus 
causes such symptoms by directly 
attacking cells in the brain, as HIV 
and the virus that causes herpes 
are able to do. But the emerging 
picture from autopsy studies 


Scans of aperson’s 
brain are viewed by 
a doctor 


of brain tissue is that while the 
coronavirus can get into the brain, 
it doesn’t appear to replicate there 
or damage brain tissue directly, 
says Serena Spudich at Yale 
University. She has summarised 
some of the latest findings 
alongside Avindra Nath at the US 
National Institute of Neurological 
Disorders and Stroke in a paper 
in Science (doi.org/gn7nss). 


The effects on the brain may 


largely be down to two other 
important factors. One is the 
impact of covid-19 on blood 
vessels. Multiple studies have 
found abnormal clotting, which 


“Rates of neurological 
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problems appear to be 
higher after covid-19 than 
after other viral infections” 


can cause stroke, in people with 
severe cases of covid-19. Autopsies 
have also revealed damage to 
blood vessels in the brain after 
covid-19 — vessel walls have 
become thinner, and they appear 
to leak proteins that might trigger 
an immune response. 


This altered immune response 


has come to the fore as potentially 
the most significant culprit. In 
autopsy studies of people who had 
covid-19, researchers seldom see 
virus in samples of cerebrospinal 
fluid (CSF), the liquid that bathes 
the brain and spinal cord. Other 
studies of CSF from people with 
covid-19 have found changes in 
immune cells, including a higher 
production of chemicals that can 
be toxic to brain cells. 

To try to understand the 
mechanisms driving these 
immune responses, Michelle 
Monje at Stanford University 
in California and her colleagues 
looked to parallels between the 
brain fog symptoms of long covid 
and “chemo brain”, the thinking 
and memory problems that can 
follow chemotherapy. 

Those symptoms seem to be 
caused by the body’s immune 
response to the chemotherapy. 
The microglia, immune cells of 
the central nervous system, enter 
amore inflammatory state and 
change how other brain cells 
behave: less protective myelin 
is laid down on neurons, fewer 
neurons are generated and 


other brain cells are destroyed. 

To find out whether something 
similar is happening in people 
with long covid, Monje and her 
colleagues studied mice that can 
be infected with the coronavirus, 
but only in their airways as they 
lack the receptor for direct 
infection in the brain. 


Stark parallels 


Monje’s team found chemicals 

in the animals’ blood and CSF that 
indicate they are experiencing 
something very similar to mouse 
models of chemo brain. Their 
brains also showed the same 
change in microglia cells, and 

a reduction in the generation of 
new brain cells. “We found really 
stark parallels,’ says Monje. 

In that work, which hasn’t yet 
undergone peer review, the team 
also looked at brain tissue from 
nine people who had died from 
or with covid-19. In all nine people, 
the changes in microglia in the 
white matter were similar to what 
they saw in the mouse brains 
(bioRxiv, doi.org/gn4fcp). 

In samples from the mice, the 
group also found the immune 
substance CCL11, which has been 
linked to problems with cognition. 
In another experiment, Monje and 
her team looked at CCL11 levels in 
blood samples from people with 
long covid and found they were 
higher in those with cognitive 
symptoms than in those without. 

Together, these findings 
strengthen the idea that immune 
responses are behind some of the 
effects of covid-19 on the brain. 
While severe impacts like stroke 
can cause lasting damage, “nothing 
that we showed in this paper 
should be irreversible”, says Monje. 

She thinks that treatments 
could be developed that take 
the brain back to a healthy state. 
“It’s amessage of hope,’ she says. 
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News 


Medicine 


Belgium ramps up use of superbug- 
killing viruses to defeat infections 


Michael Le Page 


THERAPIES that use bacteria- 
killing viruses known as phages 
to treat antibiotic-resistant 
infections are starting to take off 
in Belgium, thanks toa regulatory 
system that makes it easier for 
doctors to prescribe them. 

“Phage therapy is indeed 
getting more common, at least in 
Belgium,” says Jean-Paul Pirnay at 
the Queen Astrid Military Hospital 
in Brussels. “We have coordinated 
phage treatments in just over 
100 patients.” Pirnay says his team 
plans to analyse all these cases 
and publish the results soon. 

“T would say there is a clinical 
improvement in about 70 per cent 
of cases,” he says. “Mind you, most 
of these patients were desperate 
after antibiotics failed.” 

Pirnay and his colleagues have 
already described one early case in 
detail. In March 2016, a 30-year-old 
woman suffered severe injuries to 
her leg in a suicide bombing at 
Brussels airport. Despite being 
given antibiotics when admitted 
to the Erasme Hospital in Belgium, 
the wounds became infected, 
preventing them from healing. 


Health 
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After several months, antibiotic 
treatment had caused side effects, 
but failed to clear the infection. 
The main culprit was a strain 
ofa bacterium called Klebsiella 


pneumoniae that is resistant 
to almost all drugs. 

One of the doctors, Anais 
Eskenazi, decided to try phage 
therapy. A sample ofthe bacterium 
was sent to the Eliava Institute 
in Tbilisi, Georgia, to find a phage 
that could kill it. The institute has 
been using phage therapy to treat 
infections since the 1920s. 

After finding such a phage, 


the institute evolved the virus to 
make it even better at killing the 
bacterium. The therapy was ready 
to go ahead by November 2016, 
but was put on hold because some 
doctors were concerned about 
safety and efficacy. 

“At the time, there was very 
little scientific literature about the 
use of phage except in countries 
where phage therapy has been 
used for a long time, like Georgia 
and Poland,” says Eskenazi, now 
at the Cayenne Hospital Center 
in French Guiana. 

By February 2018, the woman 


Antibiotic resistance killed more than AIDS in 2019 


MORE than a million people 
died from antibiotic-resistant 
infections across the world in 
2019, according toa 
comprehensive global survey. 
Bacteria that are resistant to 
antibiotics are considered one of 
the biggest threats facing modern 
medicine. Overuse of such drugs 
has led to resistance becoming 
more widespread, raising the 
prospect that common infections, 
such as sepsis and pneumonia, 
will become harder to treat. 
Mohsen Naghavi at the University 
of Washington in Seattle and his 
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colleagues devised a model to 
estimate how many people died in 
2019 from bacterial infections that 
could have been treated were it not 
for antimicrobial resistance (AMR). 

The model was based on the 
medical records of 471 million 
people with antibiotic-resistant 
infections from 204 countries, 
using regional patterns to calculate 
figures for nations with little data. 

The researchers found that about 
1.3 million global deaths could be 
directly attributed to AMR. A further 
3.65 million deaths involved people 
who had diseases that showed 


some form of AMR (The Lancet, 
doi.org/gn7jdx). “We can't say 
for certain that these deaths 
were due to antimicrobial 
resistance, but some may 


“The deaths point to the 
urgent need to increase 
resources for the basics 
of infection control” 


have been,” says Naghavi. 

If both groups are included, it 
would have made AMR the third 
leading cause of death globally 
in 2019 behind ischaemic heart 


Phages (in green) 
attached to a fragment 
of a bacterial cell wall 


still wasn’t improving. She was 
finally treated with the phage in 
combination with antibiotics. 
Within weeks, her condition 
improved, and her badly 
damaged femur finally began to 
heal. She is now able to walk again, 
usually with crutches (Nature 
Communications, doi.org/hdbt). 
Despite the success, there are 
obstacles to using phage therapy 
more widely. The viruses used 
are specific to particular bacteria, 
and those bacteria can evolve 
resistance, says Ben Temperton 
at the University of Exeter, UK. 
There are regulatory issues 
too. At the time the woman was 
treated, Eskenazi had to get special 
approval to try phage therapy. 
However, in 2019, the Federal 
Agency for Medicines and Health 
Products in Belgium introduced 
a system specifically designed for 
phage therapy, making it much 
easier for doctors to try it and 
leading to aspike in its use. 


attacks and strokes. Even the 
more conservative estimate would 
mean that AMR killed more people 
that year than AIDS, which was 
responsible for 680,000 deaths, 
and malaria, which killed 
627,000 people. 

"The stark reality of these figures 
points to the critical and urgent 
need to increase resources for the 
basics of infection control. In many 
places, this means water, sanitation, 
hygiene,” says Clare Chandler at 
the London School of Hygiene & 
Tropical Medicine. 1 
Jason Arunn Murugesu 
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BRAIN POWER: 
EVERYTHING YOU NEED TO KNOW 
FOR A HEALTHY, HAPPY BRAIN 


Thursday 3 February 2022 6-7pm GMT/1-2pm EST and on-demand 


What does it mean to have a healthy, happy brain? 
How can we prevent cognitive decline as we get older 
and maintain our mental wellbeing today? 


In this talk, award-winning journalist and New Scientist 
head of features Catherine de Lange shines a spotlight 
on the newest research on brain health. She will unpack 
the latest understanding on the importance of sleep, 
diet, exercise and social interactions for maintaining our ; 
grey matter, and share practical tips for lifestyle tweaks I 


that can yield long-term brain benefits. 


For more information and 
to book your place visit: 


newscientist.com/brainpower 
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Signal Boost 


Welcome to our Signal Boost project — a page for charitable 
organisations to get their message out to a global audience, 
free of charge. Today, amessage from Born Free 


“There are 7.8 billion people 
on Earth, and we now have 


to decide, are we prepared 

to share our planet withthe — 
shockingly few wild lions 

that remain?” 


Virginia McKenfia OBE 
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Born Free launches Year of the Lion — help save 
the majestic lion before it’s too late 


We are Born Free, and we are passionate about 
compassionate conservation and the welfare of 
wild animals. Founded by Virginia McKenna OBE, 
her late husband Bill Travers MBE and their 
eldest son, Will Travers OBE, we work tirelessly 
to stop the exploitation and suffering of 
individual animals in captivity and in the wild 

Lions have a special significance for Born Free. 
Our charity's iconic “Elsa” emblem represents 
the orphaned lioness who was rehabilitated and 
returned to the wild by Joy and George Adamson. 
Her story inspired the 1966 classic film Born Free, 
which starred Virginia and Bill, and sparked their 
lifetime passion for wild animal conservation. 

In the 1960s, when Born Free was filmed, 
there were approximately 200,000 lions in the 
wild. Today as few as 20,000 remain -a 
terrifying decline of 90 per cent in just 55 years. 
Across Africa, lion numbers are in free fall, and 


these iconic animals could become extinct 
across much of their wild range by 2050. 
We must act now to protect them. 


2022 IS BORN FREE’S “YEAR OF THE LION” 
There is no time to lose if we want to ensure a 
future for wild lions. That's why Born Free has 
dedicated 2022 the “Year of the Lion” - a year 
of action for these iconic big cats in honour of 
the 100th birthday year of our charity's fearless 
founder and lionheart, Bill Travers MBE. 

Throughout the year, we're calling on the 
public to help halt the devastating decline in 
wild lions and campaign for the welfare of lions 
exploited in zoos, circuses and as “pets”. 

Our work will focus on four key objectives 
to tackle the real issues lions face right now: 
- FOREVER TOGETHER 

Achieving co-existence for 2000 people, 


200 lions and 20 communities. 


- FOREVER HOME 
Providing safe and appropriate homes 
and care for 30 rescued lions. 

- FOREVER FUTURE 
Doubling the charity’s UK school outreach, 
empowering future generations. 

- FOREVER WHOLE 
Persuading countries to follow the UK's lead 
in banning hunting trophy imports. 


We need your help 

Our Forever Lions Fund, set up in memory 

of Bill Travers, will raise funds and 
awareness to address the desperate plight of 
lions. To find out more and make a donation, 
visit www.bornfree.org.uk/forever-lions, 
email info@bornfree.org.uk, or call our 
team on 01403 240170. 
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Agriculture 


Gene-edited food may be five years 
away from sale in England 


Adam Vaughan 


CROPS that have been gene-edited 
to be more nutritious and less 
environmentally harmful are 

at least five years away from 
being sold in England, according 
to one of the UK government’s 
leading scientists. 

Gideon Henderson, the chief 
scientific officer of the UK’s 
Department for Environment, 
Food and Rural Affairs, says there 
is no scientific basis for such food 
being blocked for sale. The UK 
parliament passed legislation on 
20 January designed to aid trials 
of gene-edited crops in England. 

The UK government plans 
to change current laws so that 
gene-edited plants are treated 
differently to genetically modified 
organisms (GMOs). GMOs can 
involve genes from one species 
inserted into another, while gene- 
editing usually involves using 
CRISPR technology to edit the DNA 
of one organism in an accelerated 
version of natural breeding 
techniques. Wheat edited to be 
less likely to cause cancer is one 
example being trialled. Crops 
resistant to pests so that they 
require less pesticide is another. 
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“One of the really big wins 
are the environmental benefits, 
things that use less pesticides, are 
more tolerant of climate change,” 
says Henderson. Now, researchers 
trialling gene-edited crops in 
England should save around 
£10,000 per trial and cut two 
months off trial approval time. 
A future law change would 
allow gene-edited food to be 
commercially grown and sold. 


Wheat in England 
that has not been 
gene edited 


Crops will be first, with livestock 

later, according to Henderson. 
For animals, the main issue 

is whether gene editing could 

be used to make them more 

productive at the expense of 

their welfare, akin to breeding 


chickens so heavy their legs break. 


Ethicists have warned that the UK 
government's gene-editing drive 
should guard against such risks. 
The slow approach the UK 
government is taking may partly 
also be to allay risks of a backlash 
like the UK’s “Frankenfoods” 
protests against GMOs in the late 


1990s and early 2000s. “I think 
we have to be mindful there might 
be something like that, but so far 
in the last year we’ve not seen 
anything like that at all,” says 
Henderson. He says government 
surveys suggest there is public 
support for gene-edited food, 
and notes the roughly 6000 
submissions to a government 
consultation was relatively low. 
However, most of those were 
opposed to the idea. 

Asked whether there is any 
good reason the law won't change 
to allow gene-edited crops, he 
says: “There are political reasons 
why it might not happen, it might 
not be popular as it passes through 
parliament. But scientifically I 
don’t think there are reasons why 
it shouldn’t happen.” Argentina 
and Japan are good case studies 
of gene-edited food being done 
safely and beneficially, he adds. 

Henderson says moves in other 
countries might speed up approval 
for existing products, such as a 
gene-edited tomato sold in Japan 
since last September, which could 
take years to go on sale in the UK 
under current legislation. I 


Technology 


Vibrating armband 
helps people who 
are blind to navigate 


INFRARED goggles and an array 
of vibrating pads can give people 
who are blind an intuitive way to 
navigate while also retaining full 
use of their hands and ears, unlike 
many devices on the market. 
Manuel Zahn and Armaghan 
Ahmad Khan at the Technical 
University of Munich in Germany 
installed a pair of infrared cameras 
into 3D-printed goggles to capture 
a stereoscopic image that a small 


computer can use to create a map 
of what lies ahead. This map is 
converted into a low-resolution 
image on a five-by-five grid, which 
is then presented to the user via 
an array of 25 vibrating pads on 
an armband that reveals details 
about the nearby environment. 
For instance, if the wearer 
walks down a narrow hallway, 
they sense stronger vibrations 
on the edges of the grid to show 
the presence of walls. If they 
walk towards an obstacle, the 


vibration intensity of the respective 


pads on the armband gradually 


increases in the corresponding spot. 


Because the system uses infrared, 

it works even in total darkness. 
Five volunteers who used 

the device were able to navigate 

an indoor test route even on their 

first attempt. The average time 

taken to complete the route 

decreased from 320 seconds 

in the first run to 148 seconds 

on the third run two weeks later, 

although the same course was 

used each time, leaving open the 


“You quickly learn 
that when you move, 
the vibration moves 
on your arm” 


possibility of memorisation 
(arxiv.org/abs/2201.04453). 

Zahn says existing navigational 
aids often fully occupy another 
of the wearer's senses. Some, for 
instance, require the user to wear 
headphones and so reduce their 
ability to respond to audio clues 
from the environment when 
moving around. 

The armband is “fairly 
intuitive”, says Zahn. “You quickly 
learn that when you move, the 
vibration moves on your arm asa 
lower-resolution representation 
of your surroundings.” I 
Matthew Sparkes 
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News In brief 


Immunology 


Antibody imaging to 
speed vaccine work 


BY ANALYSING high-resolution 
images, a computer can quickly 
predict the sequence of amino 
acids in antibodies, potentially 
cutting the time to make vaccines. 

“Tt’s a shortcut on a process 
which typically takes months,” 
says Andrew Ward at Scripps 
Research in California. 

Antigens, such as the spike 
protein of the SARS-CoV-2 virus, 
are key components of vaccines. 
They cause the immune system 
to produce a range of antibodies 
against the antigen, but some of 
these are more useful to us than 
others. For example, a more useful 
antibody may block viral entry 
into a cell while another may 
not affect this process. 

Looking at the ratio of useful 
“on-target” to less useful “off- 
target” antibodies resulting from 
vaccination helps us to optimise 
the vaccine, but requires antibody 
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analysis that can take along time. 

Ward and his team have come 
up with a quicker method. They 
image frozen antibodies using a 
method called cryogenic electron 
microscopy to show structures, 
then acomputer algorithm 
quickly predicts the amino acid 
sequences of the antibodies 
based on these structures. 

To test the approach, they 
vaccinated monkeys using an 
antigen from HIV, which caused 
antibodies to be produced. They 
used the new approach to analyse 
the antibodies and then compared 
the results with a library of known 
antibodies in the monkeys. 

They went on to make synthetic 
antibodies from the sequences 
predicted by their technique and 
confirmed that their structures fit 
those from the original cryogenic 
electron microscope images 
(Science Advances, doi.org/hdfm). 

“It’s a transformational 
tool for vaccine design, and for 
therapies that rely on antibodies,” 
says Ward. Carissa Wong 
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Pollution 


Car fumes hinder insects in 
hunt for flowers to feed on 


AIR pollution severely impairs 

the ability of bees, butterflies 

and other pollinators to sniff 

out the plants they feed on. That 

could be bad news for both insect 

populations and crop pollination. 
Pesticides and land use changes 

are two of the biggest drivers of 

plummeting insect numbers, but 

a new field trial suggests that 

polluted air caused by diesel 

cars may be a major cause too. 
Previous evidence from 

lab studies has shown how air 

pollutants degrade the floral odour 

particles released by plants, making 

it harder for insects to locate them. 
To gain a better handle on how 

those interactions play out in the 

wider environment, James Ryalls at 

the University of Reading, UK, and 

his colleagues ran a three-year 

field trial. They built a system that 


Health 


‘Artificial pancreas’ 
helps with diabetes 


A SYSTEM controlled by a phone 
app can monitor and control 
blood sugar in young children 
with type 1 diabetes better than 
the standard therapy. 

Type 1 diabetes affects insulin 
production, a hormone that 
regulates blood glucose levels. 
Treating young children with this 
condition can be very challenging 
because they have less predictable 
eating and exercise patterns, and 


generated nitrogen oxides and 
ozone pollution in the centre of 

a wheat field and piped it to six 
octagonal enclosures where black 
mustard plants were grown. Two 
more enclosures filled with ambient 
air acted as a control. 

The results were stark. Levels of 
the pollutants on a par with average 
concentrations next to major UK 
roads led to a fall in the number of 
pollinators counted on the plants 
by up to 70 per cent compared 
with the controls (Environmental 
Pollution, doi.org/hdd5). 

Further field studies and research 
at a wider landscape level will be 
needed to fully establish how much 
dirty air is confusing pollinators 
hunting for plants’ odours. Some 
pollinator groups may be more able 
to compensate with visual cues than 
others, says Ryalls. Adam Vaughan 


therefore more variable insulin 
requirements, says Julia Ware at 
the University of Cambridge. 

The standard treatment is called 
sensor-augmented pump therapy. 
It uses a sensor to track blood 
glucose levels, but requires carers 
to input how much insulin to 
release, both at mealtimes and 
when the child isn’t eating. 

To make life easier, Ware and her 
team used an app called CamAPS 
FX linked to an implanted glucose 
sensor and insulin pump. This is 
known as an artificial pancreas. 
Other than at meal times, an 
algorithm calculates how much 
insulin should be automatically 
delivered. The team compared this 
system with the standard therapy 
in 74 children aged 1 to 7 years. 

On average, the children spent 
around three-quarters of their day 
within their target blood sugar 
range with the new system, about 
2 hours more per day compared 
with the standard therapy (New 
England Journal of Medicine, 
doi.org/hdd8). CW 
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Elephant’s trunk 
is super sensitive 


The neurons controlling 
the sense of touchin an 
elephant's trunk number in 
the hundreds of thousands, 
far more than had been 
expected. The discovery 
comes from dissections 

of the heads of elephants 
that lived in zoos and died 
naturally or as a result of 
disease (Current Biology, 
doi.org/hdb2). 


Svalbard ice loss 
to double by 2100 


Using photographs from 
the 1930s as a guide, 
aresearch team has 
projected that glaciers on 
Svalbard, an archipelago 
in the Arctic, will lose ice at 
about double their current 
rate by 2100. The loss will 
devastate communities 
there and contribute 

to global sea level rise 
(Nature, doi.org/gn67 4x). 


Diplodocushada 
speedy ancestor 


The earliest dinosaurs in 
the group that included 
long-necked giants like 
Diplodocus were small 
and agile, suggests an 
anatomical reconstruction 
of Thecodontosaurus, 
which ran on two legs. 

Its muscles indicate that 
it favoured speed over 
force (Royal Society Open 
Science, doi.org/hdb5). 
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Space 


Tiny galaxy’s black 
hole drives star birth 


A BLACK hole at the centre of 
a dwarf galaxy has created new 
stars by expelling jets of gas 
hundreds of light years long. 
Astronomers have observed 
supermassive black holes creating 
star-forming regions before, but 
until now it was thought that black 
holes residing in dwarf galaxies, 
which contain a billion stars or 
less, hindered star formation. 
Zachary Schutte at Montana 
State University and his colleagues 


Solar system 


Verdict is in on the moon's 
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observed a black hole ina 
dwarf galaxy called Hen 2-10 
spewing a plume ofionised 
gas nearly 500 light years long, 
stretching from the galactic centre 
to a cloud of gas on the galaxy’s 
edge where stars were forming. 
Schutte and his team used the 
Hubble Space Telescope to observe 
and carry out spectroscopy on the 
dim dwarf galaxy, which is about 
34 million light years away. 
Astronomers are interested in 
dwarf galaxies because they could 
be similar to galaxies found in 
the very early universe. Ifthe laws 
governing their evolution haven't 


\ 


backside — flatter and stickier 


THE first rover on the far side of the 
moon, China's Yutu-2, has found 
stark differences with the near side. 
These include stickier soil on the far 
side and a greater abundance of 
small rocks and impact craters. 

Despite earlier missions to the 
moon, its far side has remained 
unexplored because of difficulties 
communicating with Earth. But in 
2019, China's Chang’e 4 mission 
landed the Yutu-2 rover there. 

Now, Liang Ding at the Harbin 
Institute of Technology, China, 
and his colleagues have deduced 
something of the make-up and 
features of the far-side soil. 

The researchers found that the 


rover didn’t slip and skid as much 
as expected, indicating that the far 
side was relatively flat. The soil also 


appeared to readily stick to the rover 


wheels, which means it is probably 
more consolidated and supportive. 

As well as being useful for 
designing future rovers, fathoming 
the soil make-up and distribution 
of rocks can tell us about the history 
of the lunar surface itself. 

The Yutu-2 rover also found a 
dark-greenish, glistening material 
at the bottom of one crater, similar 
to substances found in Apollo 
mission samples and probably 
aremnant of an impact (Science 
Robotics, doi.org/hdfc). AW 


changed, understanding how 
dwarf galaxies form stars could 
tell us how the likes of the Milky 
Way might have evolved. 

Dwarf galaxies typically have 
a black hole or supernova at their 
centre, but are so dim that it can be 
difficult to tell which they contain. 
The high-resolution method that 
Schutte and his team used for Hen 
2-10 resulted in strong evidence of 
a black hole, providing a potential 
road map for imaging other dwarf 
galaxies (Nature, doi.org/hdfn). 

Joanna Piotrowska at the 
University of Cambridge calls this 
areal breakthrough. Alex Wilkins 


Wildlife 


New tarantula lives 
inbamboo stems 


TARANTULAS make their homes 
everywhere from dusty desert 
burrows to rainforest canopies. 
Now, researchers have discovered 
anew tarantula that dwells 
entirely in the hollow stems of 
bamboo, a first for these spiders. 

JoCho Sippawat —a wildlife 
YouTuber from Thailand — first 
encountered the new species 
(Taksinus bambus) in ajungle in 
Tak province in the north-west 
of the country, noticing a brown 
tarantula with narrow, light bands 
on the legs dropping from a hollow 
bamboo stem. Sippawat sent a 
photo to Narin Chomphuphuang, 
an arachnologist at Khon Kaen 
University, Thailand, who 
immediately suspected the 
creature was undescribed. 

In July 2020, Chomphuphuang 
and his team accompanied 
Sippawat to the forest outside 
the village of Mae Tho to find and 
collect some of the tarantulas. The 
researchers later made detailed 
measurements of the spiders and 
compared them with other related 
species. Based on key differences 
in the legs and the shape of the 
male sexual organs, the team not 
only assigned the tarantula toa 
new species, but to a totally new 
genus: Taksinus (ZooKeys, 
doi.org/hdfp). Jake Buehler 
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Cheap little lies 


Understanding the evolution of communication can help us navigate 
the growing problem of misinformation, says Jonathan R.Goodman 


ESEARCH on the evolution 
R of language suggests that 

our communication is 
largely about cooperation. When 
we speak with each other, the idea 
goes, we do so to help coordinate 
our actions. Antelope hunters, 
for example, who can signal their 
movements to each other will do 
better than those who can’t tell 
others what they are going to do 
next. Talking benefits others, 
and often ourselves. 

This perspective, however, 
ignores elements ofan ignoble 
past: the history of language is 
also one of subtle lies, not clear 
truths. Recognising that our 
communication is a mix of such 
evolutionary influences can help 
us better understand our origins 
and broach big problems of our 
time, discerning truth from falsity 
and honesty from disinformation. 

Animal signals are the basis of 
all communication, including 
human language. When animals 
signal to one another, the point, 
evolutionarily speaking, is for self- 
benefit. Take Batesian mimicry, 
whichis named after the 19th- 
century naturalist Henry Walter 
Bates. This involves, for example, 
a butterfly gaining an edge by 
evolving colouration that deters 
predators because it looks similar 
to another species that is toxic, 
without any need to expend effort 
to gain toxicity itself. A lie of sorts. 

Yet, unlike in the natural 

3 world, human languages don’t 
5 appear to be bound by the rule of 
s selfishness: we can and do talk to 


& help each other, not just ourselves. 


Mit, alee 
val i" I 


Two cognitive scientists, Thom 
Scott-Phillips and Christophe 
Heintz, recently argued that 
we humans, uniquely, express 
ourselves in ways that aren’t 
directly dictated by evolution. 
We don’t talk just to attract mates 
or scare predators: the ways we 
communicate, like the ways we 
think, aren’t bound to survival 
and reproduction alone. 
Instead, the complexity of 
language, they argue, relates to 
the largely interconnected and 
interdependent lives we lead. 
But we still have to choose those 
people we would most like to 
connect with — our friends — 


based on shared ideals and 
behaviours that best promote 
our mutual benefit. And it is 
those choices that force us to rely 
on the complexity of language to 
advertise ourselves to others, and 
to adjust those advertisements to 
our own circumstances. 

Of course, these cooperation- 
promoting qualities of language 
don’t mean that when we talk, we 
are always doing so for cooperative 
reasons — or that what we say is 
always honest. As the renowned 
biologist William Hamilton wrote 
more than halfa century ago, we 
are just as likely to use language to 
deceive — be it others or ourselves. 


Culture 

The story of the 
earliest people 
in America p36 


Today, with easy access to 
more information than ever in 
our evolutionary history, the so- 
called infodemic makes choosing 
our sources and the best evidence 
a difficult and daunting task. 

Recognising all the origins of 
language, from the most basic 
non-linguistic signal to the layered 
subtleties of poetry, can help us. 
When someone says, for example, 
that taxation doesn’t reduce 
inequality or that vaccines don’t 
work, the listener should pay close 
attention not just to the speaker’s 
arguments, but to the reasons 
they have for making them. Lies, 
like the false colouration of the 
Batesian butterfly’s wings, are 
cheap, while the truth takes 
hard work, be it scientific, 
philosophical or artistic. 

Evolutionary research has 
shown, convincingly, that 
human communication is as 
much about the listener as about 
the signaller. We have the power 
to discern what others want from 
us—and we should use lessons 
from the natural world, and our 
own history, to tell what motives 
lie behind someone’s language, 
and what they might be trying to 
hide. We shouldn't naively assume 
that language always helps us to 
cooperate, but with close listening 
and reasoning, we can maximise 
the odds that it does. 


Jonathan R. Goodman 
is at the Leverhulme 
Centre for Human 
Evolutionary Studies 
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Views Columnist 


Graham Lawton is a staff 
writer at New Scientist and 
author of This Book Could 
Save Your Life. You can follow 
him @grahamlawton 


Graham's week 


What I’m reading 

The self-styled poet 
laureate of punk John 
Cooper Clarke’s memoir 
I Wanna Be Yours. 


What I’m watching 
Archive 81 on Netflix. 
Isn’t everyone? 


What I’m working on 
My wardrobe. Honest. 


This column appears 
monthly. Up next week: 
Annalee Newitz 
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No planet B 


The other global crisis The problem of pollution is on a par with 
climate change and biodiversity loss. We need an international 
body to help us tackle it, writes Graham Lawton 


my household began to feel 

like a badly managed waste- 
processing facility. We planned 
to spend time with vulnerable 
relatives, so were keeping a close 
eye on our covid-19 status. Each 
lateral flow test generated seven 
items of non-recyclable waste, 
which piled up in the bathroom 
until I bit the plastic bullet and 
binned the lot. They are now, 
presumably, in landfill. 

The pandemic may have 
temporarily cut global 
consumption and greenhouse 
gas emissions, but froma 
pollution perspective, it has 
spawned an almighty mess. It 
became clear early on that large 
quantities of discarded masks 
and other medical detritus were 
finding their way into the wild. 

Recent research has revealed 
the shocking scale of the covid-19 
waste heap. It estimates that by 
August 2021, the pandemic had 
generated 8.4 million tonnes 
of plastic waste, which has been 
dumped into the environment 
rather than disposed of properly. 
Such mismanaged waste is the 
main source of ocean plastic. 
Before the pandemic, we 
collectively fly-tipped about 
32 million tonnes ofit a year. 
The extra 8.4 million tonnes 
“intensifies pressure on an already 
out-of-control global plastic waste 
problem”, write the researchers 
(PNAS, doi.org/gnct34). 

This is no exaggeration. Last 
year, the United Nations declared 
that waste and pollution isa 
planetary crisis on a par with 
climate change and biodiversity 
loss, and that we must tackle all 
three together. However, until 
recently, this crisis was a distant 
third in the global pecking order. 
That, in part, was down toa lack 
of data. Quantifying waste and 
pollution is hard. But ifthere was 


I N THE lead-up to Christmas, 


any doubt about the scale of the 
problem, new research dispels 

it. It contends that waste and 
pollution have crossed a Rubicon 
called a “planetary boundary”, and 
are now a threat to the habitability 
of Earth. We are literally choking 
on our own detritus. 

The concept ofa planetary 
boundary dates back to 2009, 
when a group of researchers led 
by Johan Rockstrom at Stockholm 
University in Sweden tried to 
define what they called a “safe 
operating space for humanity”. 
They picked nine global parameters 
that have stayed remarkably stable 
for the past 10,000 years, including 


“Waste and pollution 
are now a threat to 
the habitability of 
the planet. We are 
literally choking on 
our own detritus” 


climate, biodiversity, land 
degradation and pollution. These 
collectively create a life-support 
system for us, but are being pushed 
out of whack by our dominance 

of the planet. For each of them, 
they attempted to set a boundary 
that we breach at our peril. 

In 2015, the team declared that 
four of the nine boundaries — 
biosphere integrity, climate 
change, land use, and the nitrogen 
and phosphorus cycles — had 
been breached. And two of them 
were still undefined, including 
“novel entities” —-mostly chemicals 
released into the environment by 
human activities. In other words, 
waste and pollution. 

The new paper attempts to fill 
this knowledge gap. It defines the 
boundary as the global capacity 
to run safety tests on these novel 
entities and monitor them in the 
environment. The authors say 
global production of chemicals 


has increased 50-fold since 1950, 
and there are 350,000 synthetic 
chemicals on the market today. 
Most haven't been properly 
assessed for environmental 
toxicity (see page 44). The team 
estimates we have overshot the 
boundary by about 200 per cent, 
roughly as much as for biosphere 
integrity and worse than climate 
change (Environmental Science 
& Technology, doi.org/gn6rsw). 

The timing of the research is 
both fortuitous and strategic. Next 
month, the fifth UN Environment 
Assembly — the world’s highest- 
level decision-making body on 
environmental issues — will meet 
in Nairobi, Kenya. On the table 
is aresolution to set up a global 
science body for chemicals, waste 
and pollution, modelled on the 
ones for climate and biodiversity. 
This is the culmination ofa 
campaign that began last year 
and has been gathering support. 
It is no coincidence that many of 
the researchers on the planetary 
boundaries paper are involved. 

Even without the covid-19 waste, 
it is clear that the campaign needs 
to succeed. The Intergovernmental 
Panel on Climate Change has done 
more than any other group to 
cajole world leaders into taking 
the climate crisis seriously. The 
Intergovernmental Science-Policy 
Platform on Biodiversity and 
Ecosystem Services, created in 
2012, has elevated awareness 
of the biodiversity crisis toa 
new level. Waste and pollution 
deserve no less. 

We aren’t going to step back 
inside the boundary any time 
soon. Global chemical production 
is forecast to triple again by 2050. 
But when our covid-19 waste has 
become an archaeological record 
of the first great pandemic of the 
21st century, maybe we will have 
learned to stop fouling our own 
nest. If we are still around at all. I 
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Lodes of lithium 
(9) 


Photographer Tom Hegen 


THE vivid swathes of minerals 
in this lithium extraction field 
make for a dazzling sight, but 
also represent a troubling aspect 
of our rapidly electrifying world. 

Taken by photographer 
Tom Hegen, this image of the 
Soquimich lithium mine in the 
Atacama desert, run by major 
mining operator SQM, is part 
of his new project, The Lithium 
Series I, which documents 
lithium extraction in Chile. 

The element is a critical 
component in the lithium-ion 
batteries used to power electric 
cars, which are projected to 
account for up to 60 per cent 
of new car sales by 2030. The 
ongoing demand for lithium 
is unprecedented. 

More than half of the world’s 
supply of this element is thought 
to reside in the “Lithium Triangle” 
where Chile, Argentina and Bolivia 
meet, with roughly a quarter 
contained in the Salar de Atacama 
salt flats in northern Chile. 

The rush for lithium is 
transforming landscapes across 
South America. The varying hues 
of the ponds in this extraction 
field on the salt flats are caused 
by different concentrations 
of lithium carbonate, ranging 
from the dilute, turquoise, to 
the highly concentrated, yellow. 

Although pretty from a 
distance, lithium mines are 
environmentally damaging 
and use a lot water and energy. 

They can also harm local 
communities. The Lithium 
Triangle is one of the driest 
regions on Earth, and the mining 
is reducing access to fresh water 
for Indigenous communities, 
as well as disrupting wildlife 
habitats — effects that are only 
exacerbated by climate change. ff 


Gege Li 
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Views Your letters 


Editor’s pick 


Why disagreeable and 
introverted can be good 
15 January, p 46 

From James Buzolic, 

Coolum Beach, Queensland, Australia 
Miriam Frankel ended her article 
on how to alter your personality 
with a call for self-acceptance. 

| would echo that. Ratings for the 
big five personality traits all start 
at O and go to 100 per cent, 

and the assumption seems to 

be that it is desirable to score well 
for extroversion, agreeableness, 
conscientiousness and openness 
to experience, rather than being 
neurotic, say. 

However, | for one wouldn't 
like those scientists who worked 
long hours late into the night on 
covid-19 vaccines to be any less 
introverted. Meanwhile, it can be 
useful when disagreeable people 
challenge our assumptions. 

People who see enough good in 
us to be our friends can make up for 
what we lack, organising us if we 
lack conscientiousness, coaxing us 
to outings or accompanying us on 
that world trip or visit to a museum 
or art gallery. We, too, can be that 
kind of person for others. We don't 
have to have it all ourselves. While 
we may need to do something if our 
personality is causing us problems, 
“if it ain't broke, don’t fix it” 


When we put low-alcohol 
beer to the ultimate test 


8 January, p 34 
From John Carpenter, 
Bishop’s Waltham, Hampshire, UK 
Graham Lawton’s article on 
alcohol-free and low-alcohol 
beers was fascinating. In the late 
1980s, when I was a pharmacology 
lecturer at the University of 
Manchester, UK, a large brewery 
company asked me and my 
late colleague, John Rees, to look 
at the relationship between 
consumption of low-alcohol 
beer (1 per cent ABV) and blood 
alcohol concentration. 

One of the questions was: how 
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much 1 per cent beer can a person 
drink before exceeding the drink- 
drive limit in the UK? We had 
plenty of willing volunteers for 
the tests, but we never managed 
to get anyone’s blood alcohol 
concentration above the legal limit, 
no matter how much of this beer 
we gave them. In fact, the limiting 
factor was the volume of liquid 
volunteers were able to drink. 


In the metaverse, no 
one will be able to hug 


8 January, p 39 

From Michael Peel, London, UK 
The idea of conducting life 
virtually in a metaverse is 
unappealing on various grounds. 
Above all, ifthere is one thing we 
have learned from the pandemic, it 
is the importance of interpersonal 
contact. The technology of the 
virtual hug is a long way away. It 
would be very easy for an avatar to 
fake empathy, but I don’t think we 
would feel any emotional benefit. 


Put the kettle on and 
solve another paradox 


8 January, p 44 
From David Thorpe, 
Llandovery, Carmarthenshire, UK 
Your mention of the Jevons 
paradox, the shift to greater 
energy use despite improvements 
in energy efficiency, illustrates the 
fallacy of relying on logic alone. 
While the example of 
continually increasing internet 
usage cancelling out any efficiency 
gains does have logic behind it, 
this isn’t the case for all uses of 
energy. For example, there are 
only so many cups of tea you can 
drink in a day, so increasing the 
efficiency of kettles is a good idea. 
The real problem is that money 
saved via energy efficiency still 
gets spent on something that has 


a carbon footprint. That means 
much of our footprint gets 
exported to other countries from 
which manufactured goods are 
bought. The only way out of this 
paradox is to make every supply 
chain in the world as efficient as 
possible in a circular economy. 


Super nature could 

undo the supergrid 
1January, p8 

From Susan Hinton, 

Santa Clara, California, US 

Asa Californian who, over the 
years, has seen earthquake, fire 
and flooding damage, Iseea 
super-sized problem with the idea 
of supergrids for electrical supply. 
Asingle fit of nature, be it extreme 
winds ora sizeable earthquake, 
could take down an entire solar 
farm in one fell swoop. 

While long-distance cables and 
large energy production farms 
may be part of our energy future, 
it must also include rooftop solar 
and dispersed local solutions. 
Dispersed, but connected, energy 
production is more resilient than 
large single points of failure. 


Why ‘rational’ scientists 
sometimes get irrational 


11 December 2021, p 46 

From Richard Swifte, 

Darmstadt, Germany 

Regarding Steven Pinker’s stated 

key mechanisms for irrational 

beliefs, Ithink the potential loss 

of self-esteem is also a key factor 

in many people clinging to such 

beliefs in the face of reason. 
There are many examples 

of scientists, who one would 

expect to always base their 

opinions on logical reasoning, 

failing to abandon some long- 

cherished belief when new 

evidence builds up to the contrary. 


Want to get in touch? 

Send letters to letters@newscientist.com; 

see terms at newscientist.com/letters 

Letters sent to New Scientist, Northcliffe House, 
2 Derry Street, London W8 5TT will be delayed 


It must be hard for anyone 
who has established a reputation 
among peers, and maybe based 
a whole career ona particular 
scientific belief, to admit to being 
wrong, with the subsequent loss 
of face and possible ridicule. 


Biochar seems a safer bet 
for forest carbon capture 


Letters, 8 January 

Dave Smith, 

Alnwick, Northumberland, UK 
Reader Geoff Harding points to 
the opportunity of storing carbon 
by regrowing trees in the Amazon. 
Sadly, the November winds that 
knocked down many trees here 

in Northumberland illustrate the 
problem with such offsetting: it 
may be merely temporary. 

One option could be to use 
renewable energy to generate a 
sustainable biochar industry by 
pyrolysis of trees that are nearing 
the end of their active growth. The 
resulting terra preta (black soil) 
has long been used in the Amazon 
to improve soil fertility. The 
carbon in biochar is stable and the 
bio oil that is also produced could 
be a useful source of energy. 


Sharpen the razor and turn 
it on the quantum world 
18/25 December, p 70 

David Strachan, 

Llanbister, Powys, UK 
IfOccam’s razor is the best tool 
in seeking simpler answers to 
the question of how life and 
the universe work, as Johnjoe 
McFadden says, is it time to 
apply it to 11-dimensional 
string theory and some other 
opaque and complex ideas 

in quantum physics? f 


For the record 


i The US Centers for Disease 
Control and Prevention 
advises people with covid-19 
to self-isolate for five days 
after testing positive or from 
the day their symptoms 

start (15 January, p 9). 
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Dangerous pseudoscience 


Eugenics isn't just a horrific mistake from the past, but an ongoing threat. 
We must stay alert to its dangers, says Layal Liverpool 


G 


Book 

Control: The dark 
history and troubling 
present of eugenics 
Adam Rutherford 


Weidenfeld & Nicolson 


WHAT does the word “eugenics” 
bring to mind? For many, it is Nazi 
Germany and the atrocities that 
were committed in its name, not 
least the murder and involuntary 
sterilisation of people that they 
deemed unworthy of reproducing. 
But eugenics didn’t begin or end 
with the Nazis. In fact, writes 
geneticist Adam Rutherford in 
his new book Control, “the idea 
persisted —and persists”. 

Eugenics didn’t begin with 
Francis Galton either, even though 
he coined the term in the 1800s 
and was responsible for spreading 
the idea around the world. More 
than 30 countries, including 
Germany and the US, had formal 
eugenics policies in the 20th 
century, with awful consequences. 

In fact, as Rutherford points 
out, notions of eugenics and 
population control date back 
much further in human society 
to the 4th century BC, when the 
Ancient Greek philosopher Plato 
outlined in books V and VI of 
Republica detailed plan to control 
the reproduction of the people ina 
utopian city-state. “Children born 
with defects would be hidden 
away, which may well have been 
a euphemism for killed,” writes 
Rutherford. Plato’s plan was never 
enacted, he adds, but infanticide 
has been a constant feature in 
human societies throughout 
history and around the world. 

Eugenics became a dirty 


Arising global population 
has led to aresurgence of 
eugenics-based ideas 
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word after the horrors of the 
20th century, yet some of its ideas 
survived in science and medicine, 
says Rutherford. Eugenics formed 
the basis for the modern field 
of human genetics, with many 
eugenicists rebranding 
themselves as geneticists after 
the second world war, he argues. 
Some of the language and 
phrases of the 2oth-century 
eugenics movement remain in 


deemed by some to be the most 
“suitable” still exists. In 2020, 
there were reports that up to 

20 women were involuntarily 
sterilised in Immigration and 
Customs Enforcement detention 
centres in the US. And in Canada, 
a class action lawsuit in response 
to the coerced sterilisation of 
hundreds of Indigenous women 
as recently as 2018 is ongoing. 


general use today, although their “There is still a question 


meanings have evolved. “Today’s 
casualinsults such as ‘imbecile’, 
‘moron’ or ‘idiot’ carried specific 
psychiatric significance a 
century ago, and... could warrant 
enforced institutionalisation and, 
in hundreds of thousands of 
cases, involuntary sterilisation,” 
writes Rutherford. 
Unfortunately, the drive to 
restrict reproduction to those 


mark over whether 
eugenics would even 
work, even if it weren’t 
morally offensive” 


Meanwhile, sex-selective abortion 
practices continue to skew sex- 
ratios in India and China, the most 
populous countries in the world. 
Embedded in all of these 


practices are dangerous notions 
of inferiority and superiority that 
are unscientific and laced with 
prejudice, says Rutherford. And, 
as the world reckons with climate 
change, discussions around the 
idea of population control are 
increasingly resurfacing. 

Control's strength is that it 
provides not only much-needed 
guidance for these conversations 
by reminding us of the horrors of 
the past, but also uses scientific 
evidence to dismantle the viability 
of these ideas. 

Rutherford makes it clear that 
there is still a question mark over 
whether eugenics would even 
work, which neatly demonstrates 
how limited our understanding 
of human genetics actually is and 
how ill-equipped we are to direct 
our species’ evolution, even if it 
weren't morally offensive. 

The 2018 births in China of Lulu 
and Nana, the first gene-edited 
humans, provide one example. 
He Jiankui used CRISPR/Cas9 
gene-editing technology on two 
fertilised human embryos in an 
attempt to introduce a naturally 
occurring genetic mutation 
associated with resistance to 
HIV infection. But, as Rutherford 
describes, the intended gene 
editing failed. In the embryo that 
became Lulu, 15 letters of DNA 
were deleted, while in the one 
that became Nana some DNA 
was added and other parts deleted. 

Control ultimately exposes 
eugenics as “a pseudoscience that 
cannot deliver on its promise” 
and encourages us to instead 
focus on interventions that we 
know can improve people’s lives 
and the state of our planet, suchas 
improved education, healthcare, 
equality of opportunities and 
protection of the environment. # 


Layal Liverpool is a writer based 
in Berlin, Germany 


What day is it? 


It seems like a simple matter, but working out the time depends 


on both history and technology, finds George Bass 


G 


Book 

A Brief History of 
Timekeeping: The science 
of marking time, from 
Stonehenge to atomic clocks 
Chad Orzel 


Oneworld Publications 


HOW did humans progress 
from measuring time with 
stone solstice markers to a 
smart watch on which it is also 
possible to read this review? 

In A Brief History of Timekeeping, 
Chad Orzel, physicist and author 
of bestselling book How to Teach 
Quantum Physics to Your Dog, 
turns his enthusiasm for time 
travel to something more tangible: 
how humans through the ages 
have measured the passage of time. 

It may seem like being ruled 
by the clock is a relatively recent 
phenomenon, but Orzel argues 
that it has been “a major concern 
in essentially every era and location 
we find evidence of human activity”. 

Thanks to a 1960s excavation 
of asite in east Ireland, for example, 
we know that the 5200-year-old 
tomb Newgrange was built by 
people with enough astronomical 
knowledge to create an opening 
that focuses a shaft of light onto 
the back of the chamber at sunrise 
on the winter solstice. 

Knowledge of the movement of 
stars remains important today in 
our understanding of time, says 
Orzel. It explains, for instance, 
why religious holidays change dates 
from year to year. Yet the calendar is 
also a social construct, representing 
a delicate balancing act between 
stellar movement, bureaucracy, 
ritual and religion. The overnight 
jump from Wednesday 2 September 
to Thursday 14 September when 
Great Britain adopted the Gregorian 
calendar in 1752 is a case in point. 

Orzel's enthusiasm for the 


Newgrange tomb is a Neolithic 
site in Ireland that is accurately 
aligned to mark the winter solstice 


past is balanced by his disdain for 
modern misconceptions around 
time. He admonishes the flat-Earth 
conspiracy theory that has been 
promoted by celebrities like 
basketball player Kyrie Irving, 
and the way it disrupts geography 
and astronomy lessons in schools. 

He also laments how the 
passing aeons often only become 
of interest to the public when they 
have something dramatic to say, 
such as the widely shared Mayan 
prophecy that the world would end 
on 21 December 2012. This was 
based on a fundamental misreading 
of the Mayan calendar system, says 
Orzel, who concedes that at least 
it made people more aware of 
the Mayans’ pioneering base-20 
numerical system. 

Throughout the book, 
Orzel scoots backwards and 
forwards in time, treating us 
to illustrations of spectacular 
forgotten timepieces. He explains 
how Athenian water clocks were 
used to limit speaking time in law 
courts, how a 12th-century Chinese 
water tower designed by Su Song 
became the basis for the modern 


mechanical clock, using a system 
of scoops, bronze spheres, 
counterweights and - crucially - 
anumbered face. Rod-based 
verge-and-foliot clocks followed 
in its wake, and Orzel details how 
these gave way to the pendulum, 
which reduced the number of 
missed ticks per day from several 
hours’ worth to just minutes. 

The author's enthusiasm doesn't 
wane as he moves into the digital 
era, explaining how quartz-based 
wristwatches “democratised” time 
and serve as temporal “tuning forks” 
for the masses, before exploring 
how many of our modern devices 
sync up with caesium atomic clocks 
for the latest word in punctuality. 

He also ponders how tomorrow's 
quantum computers may prompt 
physicists to argue for the 
decimalisation of time. This has been 
attempted before, most recently by 
19th-century French polymath Jules 
Henri Poincaré, who argued for 
splitting the day into 100 minutes 
made up of 100 seconds. This would 
be confusing for a generation or so, 
but as Orzel's book makes clear, 
time, and its measurement, stands 
still for no one. § 


George Bass is a writer 
based in Kent, UK 
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Don’t miss 


Watch 


Moonfall sees director 
Roland Emmerich try 
to top his other disaster 
films, such as The Day 
After Tomorrow and 
Independence Day, by 
knocking the moon out 
of orbit and crashing it 
into Earth. In cinemas 
from 4 February. 
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Read 


The Man Who Tasted 
Words and other 
unusually gifted or 
affected people are the 
subject of neurologist 
Guy Leschziner’s journey 
through our senses, 
setting out how we use 
them to understand 
the complexities of 

the world around us. 


Visit 


Thao Nguyen Phan 
has combined videos, 
silk paintings and mixed 
media to explore the 
history, industry and 
contested future of 
Vietnam's Mekong river. 
The exhibition runs at 
Tate St Ives, UK, from 

5 February. 
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Views Culture 


Coming to America 


Origin updates the story of the earliest humans in the Americas and confronts 


the shady archaeological methods of the past, says Michael Marshall 


G 


Book 

Origin: A genetic history 
of the Americas 

Jennifer Raff 

Twelve 


WHO were the first people to 
reach the Americas? When did 
they get there, and how? These 
are among the most mysterious 
questions in prehistory, and 
have long been studied using 
traditional archaeology: bones, 
artefacts and so on. In recent 
years, however, the field has been 
revolutionised by genetic data. 
DNA from living people and 
preserved remains has both 
enhanced and transformed our 
understanding of the continents’ 
First Peoples (those who were on 
the continent before Europeans 
arrived) and how they got there. 
Jennifer Raff is a genetic 
anthropologist at the University 
of Kansas who has been involved in 
many studies of ancient American 
DNA, so she is an ideal guide to the 
subject. Her book Origin bills itself 
as “a genetic history of the 
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Americas”, and it largely delivers 
on that promise. The final third 
of the book, in particular, draws 
on genetic and archaeological 
evidence to tell the story as we see 
it now. This section is a model of 


clear and nuanced explanation: 
Raff highlights the uncertainties 
and caveats, but doesn’t allow 
them to overwhelm the story. 

The earlier part of the book 
is less clear in places. Raff 
re-examines not only some of 
the Americas’ most important 
digs, but the problems inherent 
in interpreting the evidence from 
artefacts alone, before the advent 
of genetic technology. 

She recounts, for example, 
how archaeologists were 
convinced that the first people 
in the Americas were the Clovis, 
who made a distinctive kind of 
stone tool. This idea became 
dogma, and any archaeological 
sites that seemed older than the 
Clovis were dismissed — often on 
flimsy grounds. Only in the past 
decade or so has pre-Clovis 
settlement become accepted. 

Then there is the question of 
how the First Peoples got there. 


All the evidence suggests that 
they came from Asia, but there 

is an open question over the 
route they took. The evidence 

is complex and contradictory, 
and Raffis admirably fair-minded 
in the way she handles it. 

These sections are crucial to the 
story because they elucidate just 
how much light genetics has been 
able to shed on the big mysteries. 


“Raff casts a beady eye 
over the crimes and 
misdemeanours of 
earlier generations 
of archaeologists” 


Unfortunately, they jump 
back and forth in time, both in 
prehistory and in the historical 
sequence in which the discoveries 
were made, which can get a little 
confusing. The problem is 
exemplified by the first page, 
where an arresting anecdote is 
interrupted by four footnotes. 
Despite this, Origin has 
many strengths. Raff is a critical 
historian of her own field, who 
casts a beady eye over the crimes 


Art and arrowheads from 
the Americas before 
European colonisation 


and misdemeanours committed 
by earlier generations of 
archaeologists in the Americas. 
She argues that the story of 
anthropology in the Americas 
cannot be separated from the 
genocide perpetrated by 
Europeans on First Peoples. 
Archaeologists frequently dug up 
buried bodies without consulting 
local Native American groups, who 
regard the bodies as their own 
ancestors —a belief that has often 
been validated by genetic evidence. 

These attitudes also fed into 
scientists’ conclusions. When 
huge artificial structures were 
found in North America, 
Europeans attributed them to 
a lost group of “Mound Builders” 
and argued that they couldn’t 
be the work of First Peoples. 

It will make uncomfortable 
reading for people still wrestling 
with the legacy of the European 
colonial empires. Some scientists 
may prefer that these darker 
episodes not be mentioned, but 
Itend to agree with Raff that it is 
crucial to face them head on. She 
argues that scientists studying the 
history and culture of Indigenous 
peoples anywhere in the world 
must be in constant dialogue 
with them: asking permission 
before conducting new studies 
and asking what the Indigenous 
peoples themselves want to know. 

Minor niggles aside, then, 
Origin is a very human book. 

The settlement of the Americas 
isn’t simply a scientific mystery 

to be solved. For Raff, studying the 
First Peoples is also about learning 
collaboratively and healing the 
wounds ofhistory. ! 


Michael Marshall is a science writer 
based in Devon, UK 
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Features Cover story 


Taming 
migraine 


Migraine and its causes have long been a major 
mystery. Finally, we are starting to get answers about 
this debilitating disorder, as Jessica Hamzelou reports 


family meal when the blow to my head 

came out of nowhere. It felt as if someone 
had clobbered me on the side of the skull with 
a mallet, the sudden pain making me drop 
my fork. Then came a second hit. And a third. 
Iremember pleading with my sister to stop her 
noisy whingeing before running to hide under 
a duvet until the pain eventually subsided. 
[had experienced my first migraine. 

Twenty years later, my migraine-coping 
technique remains largely unchanged, except 
that it is now my toddler whose whining 
becomes unbearable. Migraine treatments 
don’t really work for me. They don’t really 
work for a lot of people. 

Despite migraine being among the most 
common neurological conditions, affecting 
around a billion people worldwide, we know 
incredibly little about what causes them, how 
to avoid them and how best to treat them. 

That is partly because migraines are so 
complex. They impact people differently, 
can be unpredictable and affect many more 
women than men. Migraine research has 
been dismissed, derided and underfunded. 
But a handful of dedicated scientists have 
spent decades trying to make progress. For the 
first time, they have uncovered a mechanism 
behind migraines in the brain, and with this 
knowledge have developed treatments not 
only to relieve them when they strike, but 
possibly to stop them occurring. Finally, 
migraine science is having its moment. 


I WAS 15 years old and halfway through a 
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For those lucky enough to be unfamiliar 
with migraines, they can seem far-fetched. 
Someone can be fine one minute, then 
suddenly unable to speak or see. The 
symptoms are varied, and can last from a 
few hours to days. “We talk about migraine 
collectively, but actually migraine comes 
in lots of different forms,” says Debbie Hay 
at the University of Otago in New Zealand. 
While many people experience headaches — 
often severe —a migraine is much more 
than that and can involve other symptoms. 
“The famous saying is that migraine is just 
a headache, which is alittle bit annoying 
because it isn’t just a headache — it’s a brain 
disorder,” says Parisa Gazerani at Aalborg 
University in Denmark. “Headache is just 
one of the features of migraine.” 


Premonitions and auras 


Migraine attacks can begin with what is known 
as a premonitory phase, or prodrome, which 
can involve a range of symptoms, such as 
mood changes, neck stiffness and yawning. 
My prodrome is marked by a vague feeling 
that something bad is going to happen. 

The prodrome is usually followed by the 
migraine attack itself, which is often associated 
with pain. The pain can be debilitating and 


might be preceded by an aura. Aura symptoms — 


sensory disturbances that might affect a 
person’s vision, speech or movement - can 
range from mild to unbearable. This can 


occur independently of any headache. 
However, the headache tends to be the most 
debilitating symptom, lasting for minutes, 
hours or days, depending on the attack and 
the effectiveness of treatment. 

Finally, there is the migraine “hangover”, 
or postdrome, in which some people can 
continue to feel tired or unwell for days. 

Migraine is the third most prevalent 
disorder in the world and the third-highest 
cause of disability. The annual indirect 
cost of migraine due to missed work and 
reduced productivity is thought to be around 
$19.3 billion in the US alone — and that doesn’t 
include the substantial cost of treatment. 

Despite all this, headache research received 
less than 0.05 per cent of the US National 
Institutes of Health budget in 2007. Funding 
for research on other common chronic 
conditions, such as asthma and diabetes, 
received, on average, $153.90 per person 
experiencing them. The figure for migraine, 
on the other hand, was a mere 36 cents. People 
with migraine can be let down at the clinical 
level, too. Only around 40 per cent ofthem 
get a diagnosis, fora start. In the UK, a quarter 
of those with a diagnosis say they had been 
having attacks for over two years beforehand, 
according to a recent survey conducted by the 
Migraine Trust charity. Most of those who 
responded were never referred to a headache 
specialist, and many struggled to geta 
prescription for migraine treatments. 
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specialist dismiss pain in those who experience 
migraines as “psychological”. “I don’t believe 
this is a one-off experience,” says Hay. “The 
neurologists I speak to in my department 

are fighting against this all the time.” 

Some of this prejudice can be attributed 
to the fact that pain is such a subjective 
experience, and so hard to unravel, and 
because migraine causes such varied 
symptoms. Added to which, migraine has 
been derided as an affliction of hysterical 
women, says Peter Goadsby at King’s College 
London. “The peak prevalence is at age 40, 
three women experience it for every male and it 
manifests around periods,” says Goadsby. “It’s a 
prejudice born in prejudice heaven.” 

Finally, migraine doesn’t result in the 
severe damage to the brain that is seen in 
degenerative conditions such as Alzheimer’s 
and Parkinson’s disease, and in stroke, 
all of which also affect life expectancy, 
so understandably attract more funding. 

This is something that Lars Edvinsson 
at Lund University in Sweden experienced 
first-hand. He found it almost impossible 
to get funding for his migraine research in 
the 1980s and1990s. In the end, he secured 
funding to study stroke, which “kept me going 
in science”, he says. His migraine research 
became something ofa side project. But he 
persevered with it and this paid off. Last year 
it won him, along with three other migraine 
researchers including Goadsby, the Brain 
Prize —a prestigious award of 10 million Danish 
krone (around £1.1 million) in recognition 
of pioneering work in neuroscience. One 
revolutionary discovery that led to the win 
was that neurons, as well as blood vessels, 
play a vital role in migraines. 

The idea that blood vessel dilation causes 
migraine was originally based on the fact that 
people who have migraines usually experience 
a throbbing headache, says Gazerani. This 
hypothesis was supported by research that 
involved injecting volunteers with drugs to 
dilate their blood vessels, which tends to cause 
headaches and can trigger migraines. The 
success of triptan drugs in treating migraine 
threw more weight behind the idea. These 
drugs, introduced in the 1990s, were the first 
designed specifically to treat migraine — and 
seemed to work by constricting blood vessels. 
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“Migraines 
affect three 
women for 
every man. 
It’s prejudice 
heaven” 


But cracks in the dilation theory had been 
starting to appear well before then, when 
neuroscientists developed tools to better 
measure blood flow in the brain. They saw that 
people experiencing a migraine didn’t appear 
to have dilated vessels as expected. Even where 
there was dilation, it didn’t seem to trigger 
the headache, with studies finding it started 
afterwards and outlasted the pain. 

Then, 40 years ago, came the discovery 
of a chemical called calcitonin gene-related 
peptide (CGRP) that seemed to influence the 
function of neurons in the nervous system and 
the brain, and could also dilate blood vessels. 
Around the same time, Michael Moskowitz 
at Harvard Medical School, another of the 
four 2021 Brain Prize winners, identified the 


HOW DOES 
A MIGRAINE 
START? 


Migraines are thought to 

begin in the hypothalamus, 

a cone-shaped structure at 

the base of the brain. That 

is because many of the early 
symptoms align with known 
functions of the hypothalamus. 
Yawning, tiredness and mood 
changes - common features 

of migraine onset - are all 
controlled by the hypothalamus. 

The exact role it plays in 
triggering migraines is unclear, 
but some kind of signal seems to 
cause a wave of disrupted brain 
activity. Studying people with 
migraines in brain scanners has 
revealed that the wave starts 
at the back of the brain, in the 
occipital lobe. This is where the 
visual cortex is located, and the 
fact that the wave begins here 
helps to explain why so many 
people have visual symptoms 
as part of the migraine aura that 
often precedes the headache. 

The wave of disruption seems 
to spread from the back of the 
brain to the front. The path of 
disruption can vary, and this 
might explain why people 
who have migraine with aura 
experience such a wide range 
of symptoms. A path through 
the left hemisphere might leave 
some people struggling with 
language. Disruption that 
reaches the motor areas at the 
front of the brain might cause 
the sensation that your arms 
are made of lead. 

The cause of migraine 
headaches is less clear, but 
plenty of research suggests 
that the trigeminal nerve, 
which affects the head and face, 
releases chemical signals that 
cause pain (see main story). 
Most researchers believe that 
blood vessels also play a role. 


trigeminal nerve —- which connects the brain 
to the face — and its associated blood vessels 
as playing a key role in migraine pain. 

In 1988, Edvinsson teamed up with Goadsby 
to learn more about what CGRP might be 
doing. By the mid-1990s, the pair and their 
colleagues had discovered that CGRP was 
released from the trigeminal nerve during 
a migraine attack, pinpointing for the first 
time a brain chemical that could be triggering 
migraines. The fourth 2021 prizewinner, 

Jes Olesen at the University of Copenhagen in 
Denmark, was part of a team that confirmed 
this by showing that giving CGRP to people 
who are prone to migraines caused an attack, 
and that natural CGRP release could be 
prevented with sumatriptan, the most 
often-prescribed triptan drug. Finally, the 
group had discovered a mechanism for 
migraine and a possible way to treat it, 

other than the one type of drug available. 

That was desperately needed because 
triptans come with their own issues. Because 
they act to constrict blood vessels as well as 
restrict CGRP, you can’t take them if you have 
a history of stroke, for example. And there 
are side effects, including nausea, fatigue and 
neck, jaw and chest tightness. What’s more, 
they don’t work for everyone: studies show 
triptans to be effective in stopping pain within 
2 hours in 42 to 76 per cent of people, and even 
then, they act only on the pain, not the aura. 

With CGRP as a target for new treatments, 
research has now led to new types of drugs 
for migraine. These block the action of CGRP, 
but, unlike triptans, don’t constrict blood 
vessels, so can be taken by more people. Some 
of these are monoclonal antibodies, which 
are injected every few months to help prevent 
migraines. Erenumab- one such drug that 
was found to halve the number of migraine 
days experienced by volunteers in a clinical 
trial— was approved by the US Food and Drug 
Administration (FDA) in 2018, becoming the 
first new migraine drug since the 1990s. Others 
have followed, and still more are under review. 

“What this tells us, for the first time, 
is that we can treat migraine acutely and 
preventatively via the same mechanism,” 
says Hay. “It was always thought it has to 
be different... This suggests we are targeting 
a key part of the migraine pathway.” 


Goadsby and his colleagues have also 
been developing new CGRP-targeting drugs, 
called gepants, that don’t have to be injected. 
Two have been approved for use by the FDA 
for treatment of acute migraine, and there 
is evidence that one might also be useful for 
preventing the onset of attacks. 


Getting real 


The discovery of the CGRP mechanism and 
the development of new migraine-specific 
drugs have gonea long way to highlight the 
status of migraine as a real neurological 
condition, too. “Now we have mechanisms, 
and we have specific drugs, and that makes a 
difference,” says Edvinsson. “You can’t argue 
with biology,’ says Goadsby. 

Despite these breakthroughs, we are still 
some way from understanding exactly what 
causes an attack in the first place — in other 
words, what fires up the trigeminal nerve. The 
aura that many people experience offers some 
clues to the pain side. Brain-imaging studies 
have shown that, during an aura, there is 
a wave of changes in brain activity, starting 
from the occipital lobe at the back of the head. 
Neurons first switch on, then offagain, and 
this pattern spreads across the brain. This helps 
to explain some of the common symptoms 
of aura — flashing lights are thought to result 
from the switching on ofneurons in the visual 
cortex, while blind spots are likely to occur 
when nerves switch off, says Goadsby. 

Research now suggests that something 
about this wave of activity irritates pain- 
sensing neurons in the membranes that 
surround the brain, or that it triggers the 
trigeminal nerve to release CGRP. 

Goadsby, however, thinks that aura and pain 
are two separate phenomena that both happen 
to be triggered by something that occurs in the 
prodrome. “It’s not that aura causes pain, it’s 
that something else causes both,” he says. 

Other mysteries remain, too. One elephant 
in the room is the fact that migraine affects 
sO many more women than men. People tend 
to experience their first migraines around 
puberty, and the incidence rises throughout 
adulthood, before declining after menopause. 
Some people find that their migraines 
disappear during pregnancy or become > 
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more frequent during perimenopause, 
which precedes the menopause. 

Allthis implicates certain hormones. “We 
have found that trigeminal neurons contain 
receptors for oestrogen and oxytocin,” says 
Edvinsson. So the hormones might influence 
the perception of pain in migraine, he says. 
Both hormones are known to fluctuate with 
menstrual cycles and are more stable in men. 

At Leiden University in the Netherlands, 
Gisela Terwindt is part ofa team trying to 
unpack the link through a study looking 
at levels of several sex hormones in blood 
samples from female volunteers who 
experience migraine to see if they fit 
with the timing or symptoms of migraine 
attacks. The team is also giving volunteers 
contraceptive pills containing synthetic 
oestrogen to see whether this helps with 
migraine, acommonly touted treatment 
despite a lack of evidence. “It’s not without side 
effects, so we need clear proof,” says Terwindt. 

Another lingering question is why there 
is so much variation in symptoms between 
people who have migraines. My auras usually 
start with flashing lights. A friend of mine 
sees light in zigzags during her migraines, 
and some people develop blind spots or 
tingling sensations. 

“Tt might be that we’re classifying it too 
broadly, and actually there are multiple 
individual diseases here that we haven't 
quite got a handle on diagnosing,” says Hay. 
“It could be an individual combination of 
different genes in a person that’s creating 
their unique experience.” 

Terwindt has spent much of her career 
trying to understand the genetic factors. She 
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A higher 
prevalence 
among women 
suggests 

that certain 
hormones may 
be involved 

in migraines 


was part ofthe team that identified the first 
gene linked to familial hemiplegic migraine — 
a subtype that is thought to have an especially 
strong genetic component — in the 1990s. 


Heritable headaches 


Since then, Terwindt has been looking for 
genetic factors that might explain more 
common types of migraine. After all, if one or 
both ofa person’s parents experience migraine, 
there is a 50 to 75 per cent chance that person 
will experience attacks too. “We recently 
published that there are more than 123 places 
on the genome which may be implicated in 
migraine,” she says. “It’s quite complex.” 

On top ofall that, we still haven’t answered 
perhaps the biggest questions: why and how 
migraines start in the first place. 

People who experience migraines often 
have a list of things that seem to trigger them, 
and are usually advised to keep a migraine 
diary, so they can keep track of any changes 
in their routines, diets or anything else that 
seems to reliably occur before a migraine. 

But how might things like stress, a lack of 
sleep or a cheese-laden snack lead to an attack? 
Some researchers believe that the brains 
of people who get migraines have a lower 
threshold for responding to stimulation, and 
that certain stimuli can essentially tip them 
over the edge, switching on neural activity that 
leads to the attack. Given the common early 
signs, such as yawning and tiredness, it might 
also be that some sort of change in the brain’s 
hypothalamus, which is linked to things like 
this, is triggering the attack (see “How does a 
migraine start?”, page 41). And some apparent 


triggers, such as food cravings or bright lights, 
might simply be a result of the attack already 
being under way. “Ifyou think chocolate gives 
you headache, but actually the craving starts 
during the premonitory phase, then avoiding 
chocolate doesn’t make [any] difference,” 

says Goadsby. “Punishing yourself for things 
doesn’t make any sense.” 

What is clear is that, given the huge variation 
in migraine, what works for one person won't 
necessarily work for another. Some trials in 
which people take a high daily dose of vitamin 
B2 have found that some, but not all, ofthem 
experience fewer migraines. One man made 
headlines in November for seemingly curing 
his migraines with a diet rich in leafy green 
vegetables. That doesn’t mean that others 
should start swapping triptans for kale. 

Itis also clear that more treatments are 
desperately needed. No single drug so far 
works for everyone. And many of those who 
do benefit still experience migraine attacks, 
even ifthey are reduced in number or severity. 
“That tells us we haven’t quite figured out that 
system properly, or that there are more factors 
involved,” says Hay. 

Until we discover what those factors are, 
there are things that doctors, employers and 
all ofus can do to make life better for people 
who get migraines. One step is to improve 
knowledge among doctors. “The amount 
of training healthcare professionals receive 
is abysmally small,” says Hay. She is alsoa 
proponent of changing the language used for 
migraines, to bring it in line with the way we 
describe other neurological conditions. “You 
don’t have a migraine, you live with migraine, 
and sometimes you have an attack,” she says. 

I’m one of the lucky ones —- my migraines 
have decreased in frequency and severity since 
Ientered my 30s, perhaps due to the hormonal 
changes of pregnancy. Given the propensity for 
migraine to run in families, I hope that the new 
buzz around migraine research will mean my 
whingeing toddler won't have to hide under 
her own duvet a decade or so from now. If 
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Our world 
against us 


The environment is making us sick — but exactly how is 
devilishly complex to understand, says Graham Lawton 


ICHAEL SNYDER wears four 
watches, two on each wrist. A 
geneticist at Stanford University, 


California, he isn’t obsessed with time — only 
with buying us alla little more of it. The 
watches track his movements and vital signs 
such as heart rate and body temperature. He 
also carries round a walkie-talkie-sized device 
to sample everything airborne he comes into 
contact with, from chemicals to viruses. 

Snyder is trying to help answer an age-old 
conundrum: how does our environment affect 
our health? Every time we breathe, eat, drink, 
wash, exercise, get dressed, go to work or climb 
into bed, we expose ourselves to potentially 
harmful substances — air pollution, synthetic 
chemicals, contaminated food and water, 
radiation, pharmaceuticals, alcohol, noise 
and microorganisms, to name but a few. 

Every year, between 9 and 12 million people 
die prematurely through the cumulative effect 
of such exposures, mainly air and water 
pollution, heavy metals, synthetic chemicals 
and workplace carcinogens and particulates. 
Yet our ignorance about what exactly is going 
on is breathtaking. “For most exposures, 
probably the things you’re breathing right 
now, we're not really sure what they’re doing,” 
says Snyder. 

Now he and others are attempting to 
spearhead a revolution in understanding how 
our environments make us sick. “It might 
sound similar to what has been done in the 
past, but now we’ve got this big concept,” says 
Michelle Bennett at the US National Cancer 
Institute Center for Research Strategy. Its name 
is exposomics, and big it certainly is — it aims 
to measure everything we are exposed to 
throughout our lives and link this with 
effects on our health. Can that ever succeed? 

The notion that the environment can be bad 
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for our health is nothing new. Cholera and 
the black death were once blamed on noxious 
gases emanating from rotting matter, and 
malaria literally means “bad air”. We now 
know that these are infectious diseases 
caused by microorganisms. But in the past 
century or so, it has become abundantly clear 
that exposure to things such as dust, smog, 
chemicals and radiation are a different, 
insidious, long-term health hazard. 

This was the birth of the discipline of 
toxicology. For most ofits existence, it 
consisted of studies of short-term exposures 
to individual toxic substances. Around the 
turn of this century, however, it became clear 
that this approach was lagging behind other 
areas of health science. In particular, the 
Human Genome Project moved genomics 
on from sequencing genes to looking at the 
complex interplays between many of them. 
The project was declared complete in 2003, 
but in 2005 Christopher Wild at the University 
of Leeds, UK, who later became head of the 
International Agency for Research on Cancer, 
pointed out that despite this success, we 
were still largely in the dark about the causes 
of chronic illnesses. 

For most of these — cancer, diabetes, asthma, 
dementia, cardiovascular disease and so on— 
genetic susceptibility was turning out to be 
only a fraction of the explanation. By process 
of elimination, things that happened during 
our lives —environmental exposures — were 
an overwhelmingly more influential factor in 
mortality risk. But exposure to what, exactly? 

To fill in this huge gap, Wild proposed 
complementing the Human Genome Project 
with an even more ambitious enterprise, one 
that would ideally measure lifetime exposures 
to everything in our environment and link 
those to disease risks. Exposomics was born. 


KYLE ELLINGSON 


Wild admitted that the goal was “extremely 
challenging”. He wasn’t wrong. “The human 
exposome is vast, it’s highly dynamic’, says 
Snyder. “It’s a big ambition,” says Annette 
Peters at the Helmholtz Centre in Munich, 
Germany, “but I think it’s the right one.” 

The alternative is that millions of people 
continue to die preventable deaths. The upper 
figure of 12 million deaths each year from 
the cumulative effect of potentially harmful 
environmental exposures, or “insults”, 
represents around 20 per cent of all deaths 


worldwide, and a third of premature deaths, 
defined as those of people between the ages 
of 30 and 69. 

Most of those deaths are down to exposure 
to substances we ourselves are allowing to 
leak into the environment. That increases 


the moral imperative to prevent them, says 
Vicente Franco at the European Commission’s 
Directorate General for Environment, 

which is responsible for setting the European 
Union’s environmental policy. “If you take 
the global perspective, pollution is the main 


“For most diseases, 
exposure to 
environmental pollution 
plays a far greater 
part in mortality risk 
than genetics" 


killer worldwide,” he says. “It has been for 
decades — it kills more than infectious diseases, 
more than violence, more than war, more than 
tobacco—so we need to address it, there’s just 
no excuse. It’s almost accepted, but I find it 
absolutely mind-boggling.” 

A general pledge to tackle the problem at 
source, as the EU made in its zero pollution 
action plan, published in May 2021, is one way 
forward. But we need far better information 
about what is already out there. Since 1950, 
hundreds of thousands of new chemicals and 
pesticides have been synthesised, for example. 
For most, we have no knowledge of their health 
effects. “We need to measure more, we need 
to monitor more, because what doesn’t get 
measured doesn’t get addressed,” says Franco. 

“One of the big Keys for this field is to move 
away from trying to understand individual 
elements in isolation to really understand 
them as lifetime exposure,” says Bennett. That 
means finding out far more about the effects 
on us of the chemicals found in the products 
and the building materials that we use, the 
industrial pollutants in the air that we breathe, 
the pesticides and other agricultural chemicals 
that may find their way into our water and our 
food, and the cosmetics and the sunscreens 
that we put on our skin —as well as the 
influence of lifestyle factors such as diet, 
smoking, vaping and stress. 


Ajoined-up view 


Since Wild issued his call to arms in 2005, we 
have made significant progress towards a more 
comprehensive view of what we are exposed 
to. According to Roel Vermeulen, an exposome 
scientist at Utrecht University in the 
Netherlands and chair of the European Human 
Exposome Network (EHEN), we already know 
the identity of roughly 50 per cent of the 
environmental risks we face. In other words, 
the glass is now half full, and filling fast. In 

the next 10 years, we should be able to get 

that number to 90 per cent, says Snyder. 

“It’s a big data problem, but it’s doable.” 

One factor that fuels such confidence is a 
battery of new techniques designed to allow 
researchers to move beyond studies of short- 
term exposures to get a more joined-up view 
of an individual’s lifetime exposure. The US 
National Institute of Environmental Health 
Sciences (NIEHS), for example, recently 
developed prototype methods for identifying 
every one of thousands of compounds in 
blood, urine, saliva, water and household 
dust. “It is a brand new world,” says Snyder. 
“The way we measure things is way beyond » 
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what we could do 15 years ago.” 

Meanwhile, other projects are looking 
in a concerted way at how the things we are 
exposed to affect our health. Many studies 
focus on “barrier organs”, such as the skin, 
lungs and gut, which are well-adapted to deal 
with environmental assaults. Others concern 
internal organs and systems, suchas the lungs, 
liver and gut and the cardiovascular, immune 
and metabolic systems. These studies confirm 
what has long been suspected: the barrier 
organs are routinely breached, and our bodies 
flooded full of chemicals. “Even though some 
exposures may only be detected at the barrier 
organ, the impact goes far beyond, say 
changing our metabolic function,” says Peters. 

As just one example of many, at a conference 
held by EHEN in 2021, Doug Walker at the Icahn 
School of Medicine at Mount Sinai in New York 
reported how his team has linked various 
chemical exposures to a liver disease called 
primary sclerosing cholangitis, which was 
previously of unknown origin. The research 
also confirmed a long-standing hypothesis 
that exposure to benzene — an intermediate in 
the manufacture of many industrial chemicals 
anda by-product of burning fossil fuels —can 
cause leukaemia. 


"We need to get to grips 
with an enormous 
variation in our ability 
to deal with toxic 
Substances in Our 
environment” 


And if we want to truly understand the 
impact of the environment on our health as 
individuals, we need to get to grips with the 
enormous variation in our ability to deal with 
toxic substances. These differences are mostly 
down to the genes we inherit from our parents, 
but can also be epigenetic, caused by changes 
to our genetic make-up as a result of events 
through our lives. Experiments in mice suggest 
that the speed with which benzene is cleared 
from the bloodstream varies between 
individuals by as muchas a factor of 10. “This 
is probably true for most toxicities,” says Rick 
Woychik, the director of NIEHS. “An exposure 
that may be dangerous and detrimental to one 
individual may not apply to someone else.” 


On top of that, people in the same place 
may not receive the same insults. “Two people 
in the same room can have very different 
exposures depending on where they are 
sitting,” says Snyder. 

Woychik worries that such complexities 
could be the undoing of exposomics, a fatal 
flaw that prevents it becoming environmental 
health science’s answer to the Human Genome 
Project. At the moment, it risks becoming 
“everything about everything about 
everything”, says Woychik. “I believe we need 
to doa better job of defining precisely what 
it [exposomics] is.” To be truly worthy of 
becoming a new -omics, it needs to follow the 
footsteps of genomics and producea joined-up 
understanding ofall of the environmental 
exposures that are out there and how they 
influence our biology, says Gary Miller at 
Columbia University in New York, the editor 
of anew scientific journal called Exposome. 

These are serious challenges, but researchers 
are increasingly confident of rising to them. 
Last year, Peters and her colleagues Andrea 
Baccarelli at Columbia University and Tim 
Nawrot at Hasselt University in Belgium 
published what they hope will becomea 
landmark paper. Its title, “Hallmarks of 


Eight ways the environment affects our bodies 


In the paper “Hallmarks of environmental 
insults” published last year, researchers 
set out eight distinct ways in which 

the things we are exposed to in our 
environments can have effects on 

our health. 


1. OXIDATIVE STRESS 

AND INFLAMMATION 

Many environmental pollutants contain 
extremely aggressive chemicals called 
reactive oxygen species. These can 
overwhelm our natural antioxidant 
defences and cause inflammation, 

cell death and organ damage. 


2. GENOMIC ALTERATIONS 

AND MUTATIONS 

Mutagens in pollutants damage DNA and 
trigger cancer and other chronic diseases. 


3. EPIGENETIC ALTERATIONS 
Air pollution, pesticides and heavy metals 
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have been shown to induce harmful 


changes in gene expression during our 


lifetimes through effects such as DNA 


methylation and histone modification, 


which are known to be linked to the 
process of ageing. 


4. MITOCHONDRIAL DYSFUNCTION 


Mutagens and reactive oxygen species 


can also damage the genome and 
epigenome of mitochondria, our 
cells’ power packs. Such damage 
seems to increase the risk of 
conditions such as type 2 diabetes 
and breast cancer. 


5. ENDOCRINE DISRUPTION 

Many chemicals found in the 
environment, food and consumer 
products disrupt the regulation of 
hormones, something that might be 
associated with type 2 diabetes and 
age-related thyroid dysfunction. 


6. ALTERED CELL COMMUNICATION 
Some pollutants directly interfere 
with cell-to-cell communication, and 
prematurely aged cells can become 
dysfunctional communicators. 

The result can be “inflammaging", 

or system-wide chronic inflammation 
that is a hallmark of ageing. 


7. ALTERED MICROBIOME COMMUNITIES 
Toxic environmental substances 

reaching the gut can alter its microbial 
communities, increasing susceptibility 

to allergies and infections. 


8. IMPAIRED NERVOUS SYSTEM 
FUNCTION 

Noise pollution can disrupt the autonomic 
nervous system, leading to hikes in blood 
pressure and cardiovascular disease. 
Microscopic particles in air pollution 
reach the brain through the olfactory 
nerve and interfere with cognition. 


environmental insults”, isa knowing nod to 
two earlier ones that have hada transformative 
impact. “The hallmarks of cancer” (2000) and 
“The hallmarks of aging” (2013) both took big, 
seemingly intractable biological problems and 
boiled them down to underlying principles. 
The ageing paper, for example, takes the fuzzy 
idea that ageing is a general breakdown of 
biological function and re-conceptualises it 

as the accumulation of nine different classes of 
cellular or molecular damage, many of which 
are now targets for medical intervention. 

It has been cited more than 7000 times. 

In the new paper, Peters and her co-authors 
break down the ways in which environmental 
insults affect the human body, from oxidative 
stress and inflammation to impaired nervous 
system function (see “Eight ways the 
environment affects our bodies”, below left). 
The hope is that doing this could help develop 
and focus prevention strategies and 
treatments. “Every day we learn more about 
how exposure to pollutants in air, water, soil 
and food is harmful to human health,” says 
Baccarelli. “Less understood, however, are the 
specific biological pathways through which 
these chemicals inflict damage on our bodies.” 

It also begins to explain why some types 
of exposure are so damaging. For example, 
persistent exposure to air pollution, which has 
been identified as the direct cause of about 
4 million preventable deaths worldwide every 
year, hits all eight hallmarks. Observational 
studies show that fine particulates smaller 
than 2.5 micrometres across are particularly 
problematic for our health. 

Another insight is the overlap between the 
hallmarks of exposure and those of ageing. 
Four of the eight - genomic alterations and 
mutations, epigenetic alterations, 
mitochondrial dysfunction and altered 
intracellular communication — are hallmarks 
of ageing. Another, oxidative stress and 
inflammation, is a known cause of diseases 
that hit us more as we grow older: things like 
dementia, cancer, diabetes, heart and 
respiratory conditions, Parkinson’s disease 
and osteoarthritis. Exposure to environmental 
insults is literally causing us to age more 
rapidly, says Peters. “As our bodies age, we 
accumulate changes at various sites. For 
environmental exposures, it’s the same thing.” 

The primary focus of exposomics is 
improving human health, but it could have 
a positive effect on planetary health generally, 
too. Plants and non-human animals respond 
to environmental insults in a similar way to 
humans, says Peters. “So this underlying 
framework can bea major contribution to 


Exposure to airborne pollutants, 
pesticides and chemicals in 
cosmetics can affect our health 


overcoming the challenge we currently have 
with pollution,” she says. 

Not only that, but as Martine Vrijheid at the 
Barcelona Institute for Global Health in Spain 
points out, many of the things we can do to 
minimise our exposure to harmful pollutants 
—reduce air pollution, switch to healthier diets 
and choose active transportation such as 
walking and cycling — intersect with actions 
that can help the climate. 

For many of us, minimising our exposure to 
environmental pollutants is easier said than 
done -— and we aren’t far enough down the line 
of teasing out the interplays between exposure 
and genetics to make recommendations 
beyond that. “Tt would be hard to say that, 
based on this risk factor, you shouldn’t do 
this,” says Snyder. But signs of actionable 
results are starting to emerge, he adds: 
we now know, for example, that certain 
combinations of genes increase the risk of 
pesticide exposure leading to Parkinson’s. 

Even with the hallmarks framework in place, 
there are still knowledge gaps. Peters and her 
co-authors considered adding stem cell 
dysfunction to their list, but didn’t have quite 
enough evidence to do so. Other hallmarks 
may well emerge, says Peters. Snyder also 
points out that the relentless focus on harmful 
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exposures risks ignoring a healthier side of the 
exposome. “What are we missing? The good 
stuff” he says. “We always think of exposures 
as bad, but there are probably a lot of good 
health compounds out there. That’s a whole 
blank area.” He speculates, for example, that 
chemicals given out by natural environments, 
for example by trees in forests, might account 
for some of the health benefits we seem to 
accrue by being in such environments. 

Working out longer-term exposure effects 
is something else that needs work and time. 
“Long-term effects is one of the hardest 
problems out there,” says Snyder. “But that is 
no reason not to start now. We should start 
studies now that will give us data 30 years from 
now, 50 years from now, so that at least our 
grandkids will get some benefit out of that.” 

If we want to halt the pandemic of chronic 
disease and premature ageing, then we can’t 
start soon enough. “There is so much health 
to gain and well-being to gain,” says Vrijheid. 
“If we are serious, this will change our lives.” 


Graham Lawton is a feature writer at 
New Scientist and author of Mustn’t 
Grumble: The surprising science of 
everyday ailments 
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Features Interview 


“Virtual reality is 
as real as physical 
reality, but just 


different” 


What can virtual reality tell Us about 
real reality and the nature of existence? 
David Chalmers reveals all 


HE Australian-born philosopher David 

I Chalmers has long made waves in the 

world of consciousness. In 1994, at the 
age of just 28, he coined the phrase “the hard 
problem of consciousness” to describe the 
seemingly intractable problem of subjective 
felt experience — why there is something it is 
like to be you. Two years later, he developed the 
concept of “zombie” thought experiments — 
using theoretical agents identical to us in 
behaviour and outward experience but with 
no inner life—in an attempt to tease out the 
nature of conscious experience. 

In1998, Chalmers struck a famous bet with 
neuroscientist Christof Koch that we wouldn’t 
discover a distinctive signature, or “neural 
correlate” of consciousness, within 25 years. 
Although we now understand a lot more 
about the links between brain activity and 
consciousness, with little more than a year 
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to Richard Webb 


to go, Chalmers is quietly confident he 

will win that bet. He thinks consciousness 
can’t be reduced to a brain process. He has 
speculated that it is a fundamental attribute 
of the universe like space-time or mass, 
perhaps tied to quantum mechanics. 

Now co-director of the Center for Mind, 
Brain and Consciousness at New York 
University, Chalmers has turned his attention 
from our mind’s relationship with the world 
to our relationship with worlds created by 
human minds. His new book, Reality+: Virtual 
worlds and the problems of philosophy, 
explores existential puzzles, including 
what reality is, whether we are living ina 
simulation and how we would know. And, 
as Meta (formerly Facebook) and other tech 


companies look to create digital “metaverses” 


in which we can live our lives, he asks what 
that will mean for humanity. 


Richard Webb: You describe your book as 

a work of “technophilosophy” - what do 

you mean by that? 

David Chalmers: The name technophilosophy 
is inspired by the philosopher Patricia 
Churchland, who coined “neurophilosophy” 
back in the 1980s for a two-way interaction 
of neuroscience and philosophy. 
Technophilosophy is something similar 

for technology. On the one hand, it involves 
thinking philosophically about technology — 
about computers, the internet, artificial 
intelligence, smartphones, virtual reality and 
so on: is virtual reality genuine reality?, can 
Al creatures have minds?, and questions like 
that. But the second halfis using technology 
to think about philosophy: using AI to shed 
light on philosophical questions about the 
human mind and human consciousness, or 
virtual reality to shed light on big traditional 


questions about ordinary physical reality. 
Things like: how can we know about the 
external world? What is it? What is the world 
made of? How do mind and body interact? 
Is there a god? 


“How can we know about reality?” was 
a question philosopher René Descartes 
posed in the 17th century. Can virtual 
worlds finally help us answer it? 
I think, at the very least, virtual worlds provide 
a particularly pure illustration of Descartes’s 
problem. He said: “How do we know we're not 
dreaming? How do we know an evil demon 
isn’t fooling us?” These days, we can just ask 
how we know we're not living ina simulation 
v like in The Matrix, where there’s in effect a 
< giant computer program modelling the world 
that’s generating your experiences, and none 
& of it is in fact “real”. Descartes’s thought turns 


essentially on the idea that if you’re in one 

of these simulation-like scenarios, the world 
that you experience doesn’t really exist. What 
I want to argue instead is that such a virtual 
reality is still genuine. I still have hands, there 
are still tables and chairs and books, there are 
still people I’m interacting with. Everything 
is still real, it’s just digital. 


Isn't that what many physicists argue is true 

of “real” reality anyway? 

Yes, it goes back to the physicist John Wheeler 
and his “it from bit” idea. That’s been 
interpreted in many different ways, but the 
basic idea is that physical objects out there — 
cells, molecules, atoms — are ultimately 
grounded in a level of bits, of binary 
information. In that scenario, no one says, 
“Ah, ifthe world is made of bits, then none of 
this is real”. Likewise, if we were to find out we 


were in a simulation, we say, “OK, physical 
objects are still real, we just found out there is a 
level of computation, a digital level, underneath 
the level of physics”. If we’re in a simulation 
running ona computer in the next universe 
up, maybe the digital level itself has got levels 
beneath that, maybe with our simulations 
within simulations. Maybe we're at level 42. 
There are many productive connections to 

be made between the simulation idea and 
this idea from modern physics. 


Why should we believe we are in a simulation? 
You can make many of the points I make 

while being totally agnostic on whether we are 
in a simulation. I believe we can’t rule it out, 
because, basically, our evidence about reality is 
indistinguishable from the evidence we would 
have in a perfect simulation. You might say, 
“Here’s some proof that we’re not ina > 
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Join our online event, David Chalmers Reality+ on 10 February 
newscientist.com/science-events/virtual-reality 


simulation”, but any such evidence could be 
simulated —smart enough simulators could 
simulate all that. 

Furthermore, there are arguments by 
people like the philosopher Nick Bostrom that 
simulation technology is already becoming 
very common in our world, and it’s just going 
to get better and better. Before long, there are 
going to be many simulated universes with 
simulated people, and you can make the case 
that simulated people may end up greatly 
outnumbering non-simulated people, and 
so on. Then it starts to look as ifthe odds that 
we're in a simulation may be quite high. 


And we would never know? 

I would say we could never prove that we aren't 
in a simulation. Maybe we could get evidence 
that we are ina glitchy simulation — say the 
simulators cut some corners and there are gaps 
in the physics. Or maybe the simulators will 
want to communicate with us and reach into 
the simulation and show us the source code, 
turn the Sydney Harbour Bridge upside down, 
or whatever. But as for the hypothesis that 
we're ina perfect simulation, indistinguishable 
from our own world, I think that may be 
impossible to test. Arguably that means it is 
not a scientific hypothesis, but nonetheless 
Ithink it’s still a perfectly meaningful and 
serious hypothesis. 


So should we regard video gaming in a more 
positive light rather than seeing time spent 

in simulated worlds as a failure to engage 

with the “real” world? 

People my age are often inclined to be quite 
dismissive of virtual worlds, but younger 
people who grew up ina strongly digital world 
have this attitude much less. You can lead a 
meaningful life in a virtual world, that’s what 
Itry to argue. Video games are a bit of a special 
case, because games are, by their nature, a kind 
of escapism, but not all virtual worlds need to 
be video games. We've already seen it ina small 
way with a world like Second Life. Even though 
it’s not a full-scale immersive virtual reality, 
people have built very meaningful lives, 
they’ve formed relationships, they’ve had jobs, 
they make money and they have many ofthe 
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“| would say 
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we could never 
prove that we 
aren't living in 
a simulation” 


Ayoung child feels real 
fear and excitement on 
a roller-coaster simulator 


forms of social interaction you'd have 
in physical reality. 

I want to argue that this is as real as physical 
reality, but just different: you're in fact having 
known illusory experiences of a virtual digital 
world. Of course, there are many dangers with 
virtual worlds. Abandoning physical reality 
would be one of them. Physical reality is 
super-important: we’ve only got one of it, and 
if we lose it, we also lose the basis for all these 
virtual realities. But I'd like to think that we’re 
smart enough to worry about climate change 
and nuclear weapons and social justice and all 
these things within physical reality and also 
explore virtual realities. It may even be that 
virtual worlds offer some opportunities. For 
many people, physical reality is pretty awful. 
For at least some of them, life in virtual worlds 
could bea step up. 


In a future where our planet becomes more 
crowded and degraded, virtual worlds could 
provide an increasingly attractive alternative. 
Will physical reality ever go out of fashion? 

In the short term, into the next 100 years 

or so, physical reality is always going to be 
central and virtual reality will be somehow 
an extension of it, not least because of the role 
of the body. In current VR technology, we’re 
pretty good with vision and hearing, and so 
on, but anything that happens to the body 

is very hard to simulate: eating and drinking, 
not to mention birth and death. You can 
imagine that a century-plus down the track 
maybe there'll be the possibility for people 
to upload themselves completely to a virtual 
world where there is nourishment inside the 
simulation. For long-term simulated worlds, 
Ithink all bets are off, but that’s getting more 
to the realm of science fiction. 


Do virtual worlds tell us anything about 
consciousness - about our subjective experience 
of the world and what is objectively out there? 
The relationship between physical reality 

and subjective experience is a very deep and 
complicated issue, but I’m inclined to think 
that physical reality and virtual realities are 
somewhat analogous. In both cases, we’re 
having a subjective experience of a physical 
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reality. I call this our Garden of Eden picture 
of reality, with solid coloured objects out there 
in an absolute three-dimensional space. We 
experience the “real” world like the original 
Garden of Eden. Ina virtual reality we think, 
it’s not really like that, it’s a whole bunch of 
digital circuits in a matrix — it’s different from 
the Garden of Eden. But I think the same is 
also true for physical reality. 

Quantum mechanics and relativity and 
a bunch of associated developments all very 
strongly suggest that the physical world we 
experience is not the Garden of Eden world. If 
we're in the world of quantum wave functions 
that evolve in an abstract way and occasionally 
collapse, or in the world of general relativity 
where there’s no absolute space and time, 
or in the world of string theory or some 
other conception of quantum gravity where 
there’s maybe not even space or time at the 
fundamental level, then physical reality is very 
different from our intuitive models as well. 
What I try to argue is that virtual reality is at 
least as real as that kind of physical reality. 


What do you make of the idea that evolution 
has blinded us to the truth about reality 
because, as cognitive scientist Donald Hoffman 
and others have argued, we experience only 
what is necessary to survive? 


In some ways, I’m sympathetic about the 

idea that our model of the world is not exactly 
the same as reality. But I think, ata more 
fundamental level, we can still have accurate 
beliefs about the world, even if we’re not in 
the Garden of Eden, even if we’re in the world 
of quantum mechanics, or relativity. A sort 

of structuralist conception of reality—that the 
world isn’t intrinsically the way we thought it 
was, but still has a similar sort of structure—is 
very strongly suggested by modern science. 
Once you accept that, then the Hoffman-style 
arguments fall away. 


One question you set out to answer in your 
book is how we should build virtual societies. 
What conclusions do you come to? 
Social and political and moral philosophy 
is not my speciality, and I would say my 
discussion of these issues is very preliminary. 
But it’s a question of what kind of societies 
we want to live in. One major question that 
comes up right nowis the role of corporations 
in setting up virtual societies. We’ve seen that 
Facebook changed its name to Meta, and 
corporations are running with the idea of 
setting up metaverses, very large-scale 
virtual realities. 

If virtual worlds are genuine realities, as 
Iargue, then this raises the possibility that 


Not just for fun: virtual 
reality being used to 
perform brain surgery 


corporations are going to have a very large 
degree of control over these genuine realities. 
Another theme in the book is that the creators 
of virtual realities are kind of like gods of those 
realities with a whole lot of powers over them. 
They’re all-powerful, they’re all-knowing. Do 
we really want Facebook or its descendants to 
be controlling every aspect of our reality when 
we're in virtual worlds? 

It’s not as if] have a replacement model 
in mind, but I think the corporate metaverse 
is something we should try to resist. Maybe 
something like the internet —- where nobody 
controls the whole — provides a better model: 
there will be virtual worlds controlled by 
corporations, but also the virtual worlds 
controlled by governments and states, by 
collectives of people and by individuals. 
Ikind ofhope, at the end of the day, there’s 
going to be a cornucopia of virtual worlds 
run on many different models that people 
will be able to choose their virtual world 
with some autonomy. 


Is all the misinformation and strife we are 
experiencing a sign that we are already living 

in a virtual world controlled by an evil overlord? 
Yeah, people speculate that it’s all a giant 
experiment, and every now and then the 
simulators throw a spanner in the works like 
Brexit, or Donald Trump ora pandemic. It’s 
easy to think that, but Idon’t think there’s very 
strong evidence. Even in an ordinary reality, 
you expect unexpected things to happen 
pretty often. But who’s to know? Insofar as 
there are full-scale world simulations, they’re 
probably going to want to simulate all kinds 
of extreme conditions. Let’s put Donald Trump 
in there and see if they even accept that, or is 
that just going to bea step too far? Bf 


Richard Webb is executive editor 
at New Scientist. Reality+: Virtual 
worlds and the problems of 

» philosophy is out now 
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Abigail Beall is a feature editor 
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The Art of Urban Astronomy 
@abbybeall 


What you need 


Binoculars 


Stargazing at home 
appears every four weeks 


Next week 
Science of gardening 
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Agaze of two halves 


Twisteddoodles 
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side of life p56 


Both the northern and southern hemispheres have real celestial 
treats to look out for at this time of year, says Abigail Beall 


IN THE northern hemisphere, 
winter is still with us. That 

means dark nights and plenty 

of opportunity to look for fainter 
targets in the sky. In the southern 
hemisphere, nights are short, 
but stargazing is still possible. 
This week, we have two activities, 
one for the amateur astronomers 
of each hemisphere. 

In the north, we are looking for 
the Double Cluster. No prize for 
surmising that this is a pair of star 
clusters close together in the sky, 
from our perspective. They are 
young clusters that are, in fact, 
800 light years from each other. 
But ifyou havea pair of binoculars, 
you will be able to get your eyes on 
both at the same time. 

The dark nights of February are 
a great time to look for the Double 
Cluster (pictured), especially 
around the new moon on 
1 February, when there will be 
little-to-no moonlight. As usual 
with fainter targets, make sure 
you are away from light pollution 
and give your eyes plenty of time 
to adjust to the darkness — about 
4O minutes. The Double Cluster 
is in the constellation Perseus and 
it can be found by first locating 
Cassiopeia, the small W or 
M-shaped constellation that 
we have previously used to spot 
Andromeda (2 October 2021). 

You will need to draw an 
imaginary line between the star 
at the centre of Cassiopeia, known 
as Navi, and the one next to it, in 
the shallower of the two Vs, called 
Ruchbah. Continue this line 
and, just over halfway to the first 
bright star you come to — Mirfak, 


in Perseus — is the Double Cluster. 
You should be able to see the 
clusters with the naked eye, but 
binoculars will show much more 
fascinating detail. Both clusters 
are about 12.8 million years old, 
much younger than the Pleiades 
or Hyades clusters. They each 
contain a few hundred hot 
supergiant stars thousands of 
times brighter than our sun. 

For readers in the southern 
hemisphere, February, March and 
April are great months to look for 
the Eta Carinae Nebula, aka the 
Carina Nebula, in the constellation 
Carina. It sits between the bright 
star Canopus, also in Carina, 
and the Southern Cross, in the 
constellation Crux. The nebula 
is 7500 light years from Earth and 
is one of the biggest star-forming 
regions in our galaxy. It hasa 


binary star system at its centre. 

To spot the nebula, first find the 
Southern Cross and then its stars 
Acrux, the brightest star in the 
cross, and Delta Crucis, next to it 
looking anticlockwise around the 
cross. Draw a line perpendicular 
to a line between these stars and 
follow it in the direction away 
from the other two stars in the 
cross. After roughly 5 degrees — 
about the width of your three 
middle fingers held at arm’s 
length — you will be at the nebula 
(it is near the Southern Pleiades, 
asmall cluster of stars). This is one 
of the largest nebulae in the night 
sky. Once found by eye, grab your 
binoculars for a clearer view. ! 


These articles are 
posted each week at 
newscientist.com/maker 
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ACROSS 
1 Involuntary muscle contraction (5) 
4 FormofSiO,, used as a desiccant (6,3) 
9 Compound with two oxygen atoms (7) 
10 Sony gadget released in 1979 (7) 
11 Final stage of metamorphosis (5) 
13 Flowering plant native to the Balkans (5) 
15 Sl-derived unit of brilliance (3) 
16 Winged insect (3) 
17 18 Down of Cuand Zn(5) 
19 Centre of the nervous system (5) 
21 Single-celled fungal microorganisms (5) 
23 Primate that might be slender or slow (5) 
24 Chemicals giant founded in 1897 (3) 
25 Armaments capable of causing 
large-scale devastation (initials) (3) 
26 Robert___, 1 7th-century polymath (5) 
28 Fine hairs on the wings of an insect (5) 
29 Rh(7) 
31 The primary underground organ 
of a carrot or beetroot (7) 
33 Electric fairground vehicle (6,3) 
34 Grass-like plant (5) 
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Answers and 
I al | J the next cryptic 
wit i ft crossword 

next week 


DOWN 
1  16Across with aquatic larvae (9) 
2. Asexual reproduction (7) 
3 (3) 
4% 18 DownofFeandC(5) 
5 Nothigh(3) 
6 Stomach ache, in infants (5) 
7 Genus of Gram-positive bacteria (7) 
8 Operating system (5) 
12 Gravitationally curved trajectory 
of a planet or satellite (5) 
14 Device that emits amplified light (5) 
18 Mixture of metals (5) 
19 Programming language 
made in 1964 (5) 
20 ___disease, viral infection of birds (9) 
22 Human-like automaton (7) 
24 Muscle in the shoulder (7) 
25 Connected by cables; highly caffeinated (5) 
26 Saltwater (5) 
27 Methyl nitrate or ethylene carbonate, 
for example (5) 
30 Apple computer, informally (3) 
32 Infected matter (3) 


Our crosswords are now solvable online 


Quick quiz #136 
‘ What does ASMR stand for? 
2 What colour flame does arsenic burn with? 


3 In astronomy, what is the term for the 
plane of Earth's orbit around the sun? 


4 In particle physics, if a particle has 
half-integer spin, is ita boson or a fermion? 


5 Which gland in the human body produces 
the hormone calcitonin? 


Answers on page 55 


Puzzle 
set by Steve Wain 
#152 Lightning strike 


At my bedside, | have a traditional-style 
electric clock wired to the mains. It has 

a curious fault. Whenever there is a 
lightning strike on the village's electricity 
substation, the power surge causes 

my clock to reverse direction. 


When | went to bed last night, | could tell 
that a storm was brewing, but | managed 
to sleep through it. When I woke this 
morning, the clock said 7 o'clock, anda 
quick check of my wristwatch confirmed 
that this was indeed the correct time. 


But I just heard on the local news that 
there had been three lightning strikes 

on the substation during the night with 
exactly 30 minutes between each strike. 


At what time was the first lightning strike? 


Solution next week 
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Future archive 


| want to preserve scenes from my 
childhood (currently on DVDs) for 
at least the next 100 years. With 
technology progressing so rapidly, 
what is the best format for this? 


Garry Trethewey 

Cherryville, South Australia 
There won't be one that lasts 
100 years, for several reasons 

in my experience. The once- 
ubiquitous floppy discs now 
can’t be read by any hardware 
that Ican afford. Old hard discs 
can’t be plugged into any modern 
computer. For just about any 
media (DVD, flash etc.), data will 
last no more than 20 years. Nor is 
it easy to come by software that 
will read Lotus 1-2-3 or dBase III 
files or various defunct image 
and video formats. 

Ihave been helping to curate 
ecological data collected since 
1988. In that time, various 
software companies have 
“upgraded” their offerings, 
making them incompatible with 
anything else, or have gone out of 


“Ancient civilisations 
chiselled their 
messages into stone, 
but that’s very labour- 
intensive, with alow 
information density” 


business. Now, we keep our data in 


the simplest and most ubiquitous 
formats possible: unformatted 
text and open-source software. 
We keep separate sets of backups 
and we copy the whole data set to 
new hard discs every few years. 


Michael Paine 

Beacon Hill, New South 

Wales, Australia 

In the Three-Body Problem 

sci-fi trilogy by Cixin Liu, when 

humanity faces extinction, it is 

decided that rock engravings in 

a cave on Pluto are the best way 

to save important data about 

our civilisation for posterity. 
Blu-ray discs are intended to 

last longer than DVDs (typically 
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JOHN ROWLANDS 


This week’s new questions 


tron mussel Exploring slate mines in north Wales, UK, 
my son and I often find structures that resemble a mussel 
or similar bivalve on rusting iron metalwork (pictured). 
What’s going on? John Rowlands, Anglesey, UK 


Menthol block Do menthol nasal decongestants still work 
if you can’t smell them? Alison Manson, Forres, Moray, UK 


more than 20 years compared 
with about 10 years for DVDs). 
However, the big unknown is 
whether Blu-ray readers will be 
available in decades to come. 


Jane Lilley 
Newdigate, Surrey, UK 
A frustrated archivist said that if 
you want to preserve something, 
put it on paper or, better still, 
vellum. They can still be read 
1000 years later. 

Material is now preserved 
in ways that go out of date at 
ever-increasing speed. Only 
40 years ago, businesses and 
public bodies delightedly put all 
their archives onto microfiche 
and ditched the shelves of paper. 
They still have the boxes of 
microfiche, but don’t now have 
working microfiche readers. 


Guy Thackray 
Cents, Luxembourg 
ANFT (non-fungible token) on 
the blockchain is the best option. 
The world is in the early stages 
of a digital revolution. In 100 years, 
who knows how it will have 
evolved and what will happen to 
today’s technologies. Remember 
Betamax videotapes anyone? 
The blockchain is a nascent 
technology that is ideal for storing 
digital assets such as a movie. 
Once this is on the blockchain, it 
can’t be changed, its ownership is 
clear and transparent, and it can’t 
be stolen. It is stored on hundreds 
of thousands of computers 
around the world, so it isn’t 
vulnerable to one or two machines 
failing. It can also be distributed 
far more easily than a physical 
copy of the movie. 


Want to send us a question or answer? 

Email us at lastword@newscientist.com 

Questions should be about everyday science phenomena 
Full terms and conditions at newscientist.com/lw-terms 


What is this mussel-like 
structure found on rusting 
iron in a Welsh slate mine? 


Dennis Williamson 
Lamma Island, Hong Kong 
The best way to preserve “scenes” 
from one’s childhood is, without 
doubt, printed on paper or photo 
paper (although moving scenes 
are more difficult to preserve). 
The Domesday Book, a land 
survey of most of England and 
parts of Wales that dates back 
to 1086, is still legible today. 
Remember the 1986 Domesday 
Project that comprised a new 
digital survey of the UK? No? Well, 
that was done on LaserDiscs, but 
the computers needed to access 
them were almost immediately 
superseded by newer machines 
that couldn’t read the discs. 
Stick with paper, my friend. 


Tim Smith 

Calgary, Alberta, Canada 
Assuming you want to store the 
scenes electronically, recordable 
DVD-Rs are probably your best bet. 
According to their makers, their 
expected lifetime is a couple of 
hundred years. However, add 
ina cloud backup. This will be 
maintained by others and backed 
up on whatever schedule the 
cloud-maintenance company 
uses. It can potentially last as 
long as our civilisation. 

Ifyou want real longevity, 
though, you have to turn to 
physical media, which right 
now means paper. 

Of course, ancient civilisations 
chiselled their messages into 
stone, but that is very labour- 
intensive, with alow information 
density, so would only make sense 
for critical information. 


Warming waves 


As waves break and dissipate 
their power, does this energy 
warm the water? 


David Muir 

Edinburgh, UK 

On a sandy or pebbly beach, wave 
energy transfers to kinetic energy 


Tom Gauld 
for New Scientist 


ry —— AAAAAA 


AT HOME WITH THE HADRONS 


New Scientist @ 


The Large Hadron 
Collider at CERN will 
start running after a 
three-year shutdown. 


—+ AAAAAA— 


in the beach medium and to 
turbulence within the water, 
both of which result in the 
generation of heat. Some of this 
is lost to the air and some is 
absorbed by the water. 

When waves hit a rocky coast, 
there is a lot ofturbulence and the 
waves also cause vibrations within 
the rock, both of which result in 
heat. On both beach types, you 
can hear that some wave energy is 
converted into sound, increasing 
the kinetic energy of molecules, 
effectively warming the air. 

But don’t get your hopes up 
for a warm dip in the breakers. 
Scientists at the Scripps 
Institution of Oceanography in 
California found that the friction 
and foam caused by breaking 
waves counteracted each other. 
On average, the heating resulting 
from friction amounted to 
28 watts per square metre of surf 
zone. However, surface foam 
increased albedo, the reflectivity 
of the sun’s radiation, so reduced 
the solar heating of each square 
metre of surfzone by 41 watts. 

Don’t throw away the wetsuit. 


“Don’t get your hopes 
up for a warm dip in 
the breakers due to 
the generation of heat 
when waves break 
on the beach” 


Padraic O’Neill 

Dublin, Ireland 

There are at least four factors to 

be considered. The wave action on 
the shore causes friction with the 
sand or rock surfaces, which could 
result in heat generation, but the 
crashing of the waves causes water 
droplets to dissipate into the air. If 
the air temperature is lower than 
the water temperature, this could 
lead to heat transfer to the air. Ifit 
is higher, the opposite could occur. 
Droplet formation could lead to 
evaporation, which would cool 

the air over the crashing waves, 
indirectly cooling the water. 

The formation of white surfaces 
as a result of foaming would lead 
to less absorption of solar energy 
in daylight, which could lead toa 
cooling effect compared with the 
flatter, darker surface out to sea. 


AAAA 


On balance, my guess is that 
breaking waves lead to more 
cooling than heating. 


Guy Cox 

Sydney, New South Wales, Australia 
The energy of a breaking wave is 
dissipated in many ways. 

In Australia, from where both 
your correspondent and I write, 
some of it goes into propelling 
people on surfboards towards the 
shore. Some goes into sound and 
into moving sand about on the 
beach. Some goes into throwing 
spray into the air with sufficient 
force to deposit salt on my 
windows a kilometre away 
and six storeys up! 

Physics dictates that some of 
the energy from breaking waves 
must go into warming the water. 
But the huge increase in surface 
area as waves turn into foam 
means that there will also be a lot 
of evaporation, cooling the water 
by the removal of latent heat. 

Icannot put figures on all 
these processes, but I would be 
surprised if, in the end, there 
was any overall warming. !! 


Answers 


Quick quiz #136 
Answers 


1 Autonomous sensory 
meridian response 


2 Blue 
3 The ecliptic 


4 A fermion. Bosons 
have integer spin 


5 The thyroid 


Cryptic crossword 
#75 Answers 


ACROSS 7 Pelage, 8 Pleura, 

9 Fern, LO Neuritis, LL Tripods, 
13 First, L5 Users, 17 Capsule, 
20 Lodestar, 21 Mare, 

22 Mendel, 23 Decode 


DOWN 1/16 Meteor shower, 
2 Fawn, 3 Leonids, & Sprue, 
5 Geminids, 6 Ursids, 

12 Perseids, 14 Taurids, 

18 Lyrids, 19 Style, 21 Mace 


#151 Alien fingers 
Solution 


For the purposes of this solution, 
we will call the two-digit number 
in hexadecimal PQ. Because 

it is hexadecimal (base 16), 

in our notation, PQ stands for 
(Px 16)+Q, and this must equal 
the number in our usual base- 10 
decimal notation that we write 
as OP, which is (Qx 10) +P. That 
way, 16P+Q=10Q + PB which 
simplifies to 1 5P= 9Q. Thatis, 
5P=3Q. The only digits that fit 
this are P= 3 andQ=5. 


So the number as it appeared 
on the alien spaceship was 35, 
which was hexadecimal for 
our 53,as(3x16)+5=53. 
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No-vax’s good vibrations 


“If you wish to understand the 
Universe, think of energy, frequency 
and vibration.” This quote, 
attributed to the visionary electrical 
engineer and inventor Nikola Tesla, 
possibly in his distinctly odd late 
phase, has long been beloved of 
those with a vibrantly different 
understanding of the universe. 

Feedback hesitates to use the 
word “fruitloopery”, particularly as 
we now encounter the quote on the 
website of QuantBioRes, a company 
whose blameless existence 
investigating alternative treatments 
for covid-19 has recently been 
disturbed by the revelation that 
its majority shareholder is world 
men’s tennis no. 1 and vaccine 
refusenik Novak Djokovic. 

“At QuantBioRes, we work in 
utilizing unique and novel Resonant 
Recognition Model (RRM),” we 
read on the company’s website. 
“The RRM is a biophysical model 
based on findings that certain 
periodicities/frequencies within 
the distribution of energies of 
free electrons along the protein 
are critical for protein biological 
function and interaction with 
protein receptors and other targets.” 

Following the paper trail a little 
further, we discover that, in the case 
of covid-19, the crucial frequency 
is 0.5145. We aren't entirely sure 
what units that is in for those 
inclined to try it at home. Sadly, 
clicking what we hoped were links 
to a battery of exciting tests already 
performed produces no vibration 
on the internet's surface, so we are 
left none the wiser as to progress. 

These things can take time. 

In the meantime, we point to 

the existence of highly effective 
vaccines, whatever your resonant 
frequency may be. 


Champagne’s moment 


David Myers writes from the 
shores of Lake Geneva in 
Switzerland -— nice work if youcan 
get it—asking us to sit down as we 
imbibe the revelation contained 
in an article from CNN that “No 
amount of alcohol is good for the 
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Twisteddoodles for New Scientist 


WHAT ALL THE 


@twisted doodles 


AND NOW THAT YOU'VE DEFINITELY FORGOTTEN 
ACRONYMS 
iTS TIME TO LOOK AT THE 


IM USING MEAN, 
RESULTS.. 


Got a story for Feedback? 

Send it to feedback@newscientist.com or New Scientist, 
Northcliffe House, 2 Derry Street, London W8 5TT 
Consideration of items sent in the post will be delayed 


heart”. We are unsure whether it is 
the message itself that he expects 
to give us the vapours, or the fact 
that the chair of the World Heart 
Federation advocacy committee 
that released the report is Beatriz 
Champagne. No cause for 
celebration either way. 


Pussy galore 


Our news report “Ancient Egyptians 
used bandages for medicine too” 
(15 January, p 20) caused ripples 
in our inbox. For lan Gammie, it 
was our assertion that “until now, 
Egyptologists hadn't found 
bandages used to dress the wounds 
of living ancient Egyptians”. As he 
points out, living ancient Egyptians 
are hard to come by these days. 
Others were more exercised by 
the mention of a dressing placed 
over a “puss-filled wound”. This 
seems to imply a degree of 


veneration of the feline form 
beyond even that familiar from 
ancient Egypt. Ken Hawkins 
wonders whether it was discovered 
using a CAT scan, a line that we will 
file under “timeless”. 


Fine words, buttered 


Talking of which, Feedback had 
considered correspondence closed 
on the age-old conundrum of why 
toast lands buttered-side down— 
except perhaps when its polarity 

is reversed by being attached to the 
back ofa falling cat. Not so, judging 
by our post since its reappearance 
in our Twisteddoodles cartoon on 
4 December last year. 

”Howdy Dr Feedback,” booms 
one missive from Heikki 
Henttonen in Espoo, Finland - 

a city where we seem to have 
quite a following, judging by 
our postbag — exhibiting both 


forthright charm anda suitable 
(and entirely justified) faith in 

our academic qualification. 

“How to make sure that your toast 
lands butter-side up,” he writes 
succinctly. “You should butter 
your toast on both sides.” 

Sensible advice. Although we 
shouldn’t be at all surprised ifa 
double-buttered slice would never 
hit the floor, but instead remain 
suspended slightly above it, 
permanently rotating, unsure of 
which way up to land. You might 
call that a physics-violating 
perpetual motion machine; 
we just call it resonance. 


The universe against us 


The last word on the toast thing - 
until the next one - goes to our 
mathematics guru lan Stewart 

at the University of Warwick, UK. 
“As regards toast landing butter 
side down, you might be interested 
in the article ‘Tumbling toast, 
Murphy's Law and the fundamental 
constants’ by Robert Matthews in 
European Journal of Physics 16 
(1995) 172-176," he writes. 

We most certainly would, since it 
contains the results of a model that 
applies Newton's laws of motion 
with realistic parameters for the 
height of intelligent bipeds, the 
height of the tables they use and 
the nature of their toast to conclude 
that, if a slice of toast starts sitting 
butter-side up on a table, it will 
rotate more than 180 degrees 
but less than 360 degrees for any 
reasonable value for the initial speed 
at which it is nudged off, thus almost 
always landing buttered-side down. 

Further expressing the relations 
in terms of eight fundamental 
constants, including the 
gravitational and electromagnetic 
fine-structure constants and 
the Bohr radius, leads to a stark 
conclusion: in any universe that 
supports intelligent bipeds, toast 
will almost always fall buttered- 
side down. “This is the opposite 
of cosmological fine tuning: there 
is no way to fine-tune a universe 
to prevent this outcome,” lan writes. 
“I call this the Anthropomurphic 
Principle.” Also timeless. 
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